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Die moderne Informations- und Kommunikationstechnologie (IKT)
bietet vielfältige Innovations- und Leistungspotenziale, die im Ent-
stehungsprozess neuer Produkte auszuschöpfen sind. Dies setzt je-
doch voraus, dass die wissenschaftlichen Grundlagen zum Einsatz
der modernen IKT in der Produktentstehung vorliegen und neue
Methoden wissenschaftlich abgesichert sind. Darüber hinaus stel-
len die wissenschaftliche Durchdringung und die Bereitstellung wis-
senschaftlicher Forschungsergebnisse eine abgestimmte Kooperati-
on zwischen Forschung und Industrie dar.
Vor diesem Hintergrund informiert diese Schriftenreihe über ak-
tuelle Forschungsergebnisse des Fachgebiets Datenverarbeitung in
der Konstruktion (DiK) des Fachbereichs Maschinenbau an der Tech-
nischen Universität Darmstadt.
Ziel der Forschungsarbeiten ist die wissenschaftliche Durchdrin-
gung innovativer, interdisziplinärer und integrierter Produktentste-
hungsprozesse und darauf aufbauend die Konzeption neuer Metho-
den für die Entwicklung, Konstruktion, Arbeitsvorbereitung und Her-
stellung neuer Produkte.
Durch das Aufkommen der computervermittelten Kommunika-
tion und sogenannten “Enterprise 2.0” Technologien sind die Kom-
munikationsintensität sowie die Anzahl der zur Verfügung stehenden
Kommunikationsmedien dramatisch angestiegen. Ansätze wie Si-
multaneous Engineering und Concurrent Design ermöglichen kom-
plexere Formen der Kooperation in der Produktentwicklung. Diese
vielschichtige Zusammenarbeit ist in Bezug auf die sich ergebenden
Anforderungen an die zugrundeliegenden Kommunikationseinrich-
tungen allerdings noch wissenschaftlich zu durchdringen.
viii
Herr Jan Tim Jagenberg entwickelt in seiner Dissertation ein neu-
es Konzept zur bedarfsgerechten Planung von Kommunikationsin-
frastruktur. Das Konzept umfasst Modell und Notation zur Erfas-
sung der Kommunikationsanforderungen und beschreibt Methoden
zur Analyse und Planung. Es verbindet Ansätze der Geschäftspro-
zessmodellierung mit Ansätzen der Kommunikationstheorie zur Me-
dienwahl. Diese Dissertation liefert einen wichtigen Beitrag für die
durchgehende Analyse von Kommunikationsanforderungen und die
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Most people will have experienced situations in which communica-
tion did not work out as expected: Multiple colleagues work collab-
oratively on a document that is sent forth and back by email, until
the very last one has completely lost track which version contains the
last changes. Someone sends an important email and never receives
the expected feedback, because it ended up being filtered. Two col-
leagues, located in different parts of the same city, try to exchange a
file, but file attachments to emails are blocked for security reasons.
The only remaining medium available to them is a web-conferencing
system, which forces them to be online at the same time. Scenarios
like these highlight that the choice of available communication me-
dia has a strong impact on the outcome of the communication.
The amount of exchanged information and the choice of possi-
ble communication media in engineering increased dramatically be-
cause of the rise of computer mediated communication and web 2.o
technologies in the recent decades. While many people have adopted
a broad range of new communication tools in their personal life, the
1
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application of these technologies in enterprise environments is lag-
ging behind. Preceding this development, scholars from various do-
mains started to look at the phenomenon communication from a
scientific perspective. From the early mathematical models of Hart-
ley in 1928 to Craig’s declaration of the “Communication Theory as
a Field” in 1999 more than seven decades passed in which this new
field developed. Critical Mass Theory analysed the usage patterns in-
volved in the adoption of interactive media while Media Rich Theory,
Media Synchronicity Theory, Task-Technology-Fit Theory, and Enter-
prise 2.0 study the selection of appropriate media.
Product development approaches like simultaneous engineering,
concurrent design, and the management of trust between coopera-
tion partners enable more complex processes. The resulting lower
depth of in-house development in turn leads to an increase in com-
munication intensity and complexity.
This increasing elaborateness of interactions in businesses led
to the development of new business process modelling approaches.
Standards like the Business Process Model and Notation (BPMN) en-
able automated evaluation of the interactively created models. Al-
though BPMN includes models and diagrams focussing on commu-
nication processes, they only capture very basic information.
Because of the increasing intensity and complexity of communi-
cation in product development, it is necessary to improve the way
communication processes and the related infrastructure can be anal-
ysed and planned. This dissertation argues that neither media selec-
tion theories nor business process modelling alone can offer the ben-
efits an integrated approach can deliver. For a comprehensive anal-
ysis of communication processes and the related communication in-
3frastructure, aspects from both fields need to be amalgamated.
The concept presented here defines a Communication Model and
Notation (CoMoNo) based on the BPMN conversation diagram with
extended communication characteristics derived from Media Rich-
ness Theory, Media Synchronicity Theory, Task-Technology Fit The-
ory, and the Enterprise 2.0 approach. Based on the extended model
and notation, the concept provides methods for the analysis of com-
munication processes and the planned introduction of appropriate
communication media.
A prototypical implementation of the CoMoNo concept was ap-
plied to a case study at the Collaborative Research Center 666 – In-
tegral Sheet Metal Design with Higher Order Bifurcations – Develop-
ment, Production, Evaluation (CRC 666). In a series of interviews, the
communication processes of the CRC 666 were captured in order to
support the evaluation of the proposed model, notation, and meth-
ods. 16 of 18 interviewees judged the model and notation as help-
ful during the interview. 17 considered the notation as easy to un-
derstand. According to the analysis based on the gathered data, the
CRC 666 has a generally well-adapted communication infrastructure,
which could benefit from blogging or a desktop video-conferencing
solution.
This dissertation is structured into the following chapters: Chap-
ter 2 describes the current state in the areas of product development,
communication theory, and business process modelling and high-
lights the necessity for an integrated approach. In Chapter 3 the goals
and requirements against which the proposed concept is evaluated
are established: Enhanced modelling and analysis of communication
processes in order to support the planning of communication infras-
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tructure. Building on this basis, Chapter 4 describes the conceptual
CoMoNo approach to integrate business process modelling with as-
pects of communication theory. It defines the model and notation
as well as the derived analysis and planning methods. This chapter
also includes the verification of the concept against the previously
defined requirements. A prototypical implementation of the concept
is presented in Chapter 5, which also examines the results of a case
study that applied the CoMoNo concept at the CRC 666. Future op-
portunities for research are highlighted in Chapter 6 after which the
concluding summary is provided in Chapter 7.
Chapter 2
Current State
This chapter provides the theoretical foundation on which the con-
cept described in Chapter 4 is based. The three central areas of in-
terest around which the concept revolves are product development,
communication theory, and business process modelling.
The first section focusses on how current practices in product de-
velopment like product-life cycle management, simultaneous engi-
neering, concurrent design, trust management, and agile methods
increase the need for coordination and thus communication.
The current state of communication theory as a scientific field is
explained in the beginning of the second section. The section then
proceeds by introducing the critical mass theory, which explains how
the use of newly available communication media propagates in a
group of potential users. Next, the media choice theories are de-
scribed, which aim to understand why people choose certain com-
munication media in a specific context. Following this, the central
aspects of the Web 2.0 and Enterprise 2.0 concepts are broken down,
as many of these are relevant to modern, so called social, commu-
5
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nication media. Finally the section on communication theory offers
a breakdown of contemporary communication media, their historic
background, and their application.
The third section of this chapter introduces the concept of Busi-
ness Process Modelling (BPM). After a brief look at the history of BPM
methods, today’s established standard BPMN is illustrated. The fi-
nal part of this section deals with the impact of communication ori-
entation in process modelling and explains why a stronger focus on
communication modelling improves the results of business process
re-engineering.
The final section reviews the current state and shows that the
lack of integration between the three domains product development,
communication theory, and business process modelling has left open
issues, which are addressed by the concept proposed in Chapter 4.
2.1 Product Development
The organisational structure of product development changed in re-
cent years because of globalisation. The spatial and temporal divide
requires increased coordination and communication during the de-
velopment of new products. The virtualisation required to work in
global product development teams leads to further integration of co-
operation, coordination, and communication technologies into the
design processes [AVR08; ARV09; AG11].
Following market and technological developments, the chal-
lenges involved in product development undergo constant change.
In their work on complexity in product development, Lindeman et
al. identify four main drivers of complexity: the market, the prod-






















Figure 2.1: Information flows between departments [PWB07]
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uct, the processes, and the organisation [LMB09]. The focus of mar-
ket demand shifted from a few hits at the broad end of the distribu-
tion towards its long tail of mass customisation [PD99]. The new de-
mand for more variants and selectable configuration details in turn
increased the complexity of products. Consequently the complexity
of the processes and the organisations had to adapt to this challenge
with increased division of labour, multi-disciplinarity, and need for
coordination [LMB09].
In order to provide a solid foundation in this highly dynamic en-
vironment, formalisations of the product development process have
been established. For example, the generic problem solving process
proposed by the Association of German Engineers (VDI), the Associa-
tion of German Engineers, provides a domain agnostic framework for
the methodical development and design of technical products. It de-
fines common development steps and a common nomenclature and
follows a hierarchical approach by decomposing a complex problem
into multiple smaller and easier to solve sub-problems [VDI93].
The central role of product development in the overall process is
highlighted by its various links to other departments of a business. As
can be seen in Figure 2.1, the design and development department is
the most interconnected department [PWB07].
2.1.1 Simultaneous Engineering, Concurrent Engineering,
and Concurrent Design
The meaning of the terms “Simultaneous Engineering” (SE), “Con-
current Engineering”, and “Concurrent Design” is rather similar and
a clear differentiation difficult. In their early definition, Winner et al.
use the term concurrent design to describe one of the aspects, which
2.1. PRODUCT DEVELOPMENT 9
concurrent engineering, according to them, focusses on: The inte-
grated design of products and processes.
“Concurrent engineering is a systematic approach to
the integrated, concurrent design of products and their
related processes, including manufacture and support.
This approach is intended to cause the developers, from
the outset, to consider all elements of the product life cy-
cle from conception through disposal, including quality,
cost, schedule, and user requirements” [Win+88].
This definition of concurrent engineering has been refined by Cleetus
giving it a stronger focus on team values such as cooperation, trust,
and sharing. According to him,
“[. . . ] CE, for all the top management commitment that
might back it up, will fail if the organization, at all levels,
does not embrace the norms of team working and learn
to live by them each day” [Cle92].
The synonymous term “simultaneous engineering” seems to
stem from the British context and is specifically acknowledge by
Anumba and Evbuomwan in their review of literature. According to
them, the main achievements of concurrent engineering are that the
“[. . . ] principles [would] also facilitate concurrency in project devel-
opment, enable early resolution of conflicts, ensure buildability, and
permit safety and risk analyses to be carried out at an early stage”
[AE97].
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Also using the term simultaneous engineering, Eversheim et al.
define the aims as:
“Reducing the time to market, i.e. the time period be-
tween the conception and the launch of the product,
trimming development and manufacturing costs; and
enhancing the quality of products in the general sense of
Total Quality Management” [Eve+97].
According to Eversheim, it achieves this by deviating from sequential
working procedures and running product and process modelling in
parallel instead.
Pahl states that “[...] the activities of the various departments run
in parallel or at least have significant overlap. Intensive contacts with
customers are encouraged, many suppliers are integrated in the pro-
cess, [...] and the product is monitored until the end of its working
life” [PWB07] (see Figure 2.2).
Talukdar et al. define the term concurrent design in a narrower
sense as the conflict-free integration of individual design tasks:
“Given: a number of design tasks in which each task can
have several input aspects, some that are independently
specified, others that are computed by previous tasks;
Find: (1) a path to perform each task;
(2) a means for integrating these individual task-paths
into a composite path such that all the input and output
aspects are consistent (conflict free).
Thus, in essence, the concurrent design problem is one
of conflict-free, path integration” [TF91].






















































































































































































12 CHAPTER 2. CURRENT STATE
In their definition of an “interdisciplinary concurrent design method-
ology”, Smailagic et al. emphasise the importance of concurrency by
stating: “The goal of the design methodology is to allow as much con-
currency as possible in the design process. Concurrency is sought in
both time and resources” [Sma+95].
Based on the above definitions, concurrent design should be con-
sidered an element of simultaneous engineering, which specifically
enables sub-tasks to be handled more or less independently, by defin-
ing and optimising their boundaries and interfaces.
As made clear by Pahl, Simultaneous Engineering is not confined
to the boundaries of a single organisation. It often integrates cus-
tomers and suppliers, which necessitates early coordination between
the partners. In practice, this coordination is often neglected or done
late during the cooperation which results in problems being identi-
fied too late [VDA12]. In order to simplify the coordination, the Ger-
man Association of the Automotive Industry (VDA) published a rec-
ommendation, which specifies different models of cooperation and
provides a checklist for the matching of communication and com-
puter infrastructure [VDA12].
The responsibility for the application of this recommendation lies
with the project leader and the overall process is structured into three
phases: pre-phase, implementation phase, and post-phase. During
the pre-phase, the individual roles, the model of cooperation, and
the checklist are defined and the SE-team is deployed. During the
implementation phase, the checklist is integrated with the relevant
legal documents and kept up-to-date according to the progress of
the project. Regular review meetings ensure that all involved parties
share the same basis. In the post-phase, the gained experience is doc-




















Integrator Supplier Varying distribution
Figure 2.3: Overview cooperation models [VDA12]
umented and the specific checklist is adapted accordingly.
In order to propose appropriate models of cooperation, the rec-
ommendation introduces the concept called “depth of integration”,
which specifies to what extend the supplier is integrated into the
product creation process. Moreover, five types of integration are dif-
ferentiated: geometric integration (e.g. Digital Mock-Up (DMU)),
functional integration (e.g. integration of audio and navigation), pro-
duction integration (e.g. assembly testing), process integration (e.g.
adaptation to the integrator processes), and technical integration
(e.g. exchange of data).
Based on these two aspects, seven models of cooperation are
identified: Development Service Provider, Parts Supplier, Compo-
nents Supplier, Module Supplier, System Supplier, General Contrac-
tor, and Development Partnership. Figure 2.3 explains the varying
levels of integration between these models. Common to all these
models is that all cooperation requires a considerable amount of in-
formation exchange. It is considered of such value, that already one
of the first sections of the checklist template (A.3.) defines the com-
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munication media to be used during the cooperation.
Another important factor regarding the communication and co-
operation in Simultaneous Engineering projects is the protection of
the intellectual property of each participant and thus the trust be-
tween the partners. The recent research project “TRUST - Team-
work in interorganisational cooperations” defines trust as subjec-
tive, asymmetric, context and situation dependent, dynamic, and not
transitive [VAK13]. The empirical data show, that employees are often
unsure which information they are allowed to pass on to the cooper-
ation partner. The TRUST project targets this problem by integrat-
ing a decision support tool based on a trust model into a coopera-
tion management platform. The model takes attributes of the coop-
eration as well as experiences and the reputation of the cooperation
partner into account in order to predict the appropriate level of trust.
In combination with a risk assessment, the tool uses this prediction
in order to propose adequate intellectual property protection profiles
for the exchange of information. The individual employees are thus
supported in their assessment and the decisions and information ex-
changes become traceable.
Summarising the findings about Simultaneous Engineering pre-
sented above, it can be said that this approach increases the inten-
sity and complexity of information exchanges. As highlighted in the
TRUST project, this development makes adequate analysis and man-
agement approaches for communication necessary.
2.1.2 Agile Methods in Product Development
Agile project management methods originally emerged in software
engineering and have seen wide acceptance in this field [WG12]. Re-
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cently agile methods like Scrum have been adapted to adjacent fields
like mechatronics or industrial engineering [Yan+10]. The agile ap-
proach specifically values individuals and interactions, working soft-
ware, customer collaboration, and responding to change [Bec+01].
Scrum, the most successful agile method, follows an iterative
and incremental approach and is driven by cross-functional teams
[WG12; Dee+12] (see Figure 2.4). The central element of the method
is the Sprint, which structures the development process in cycles of
work. Each sprint is between one and four weeks long, and is time-
boxed, i.e. it is neither shortened nor extended. Two essential plan-
ning tools are the Product Backlog and the Sprint Backlog. The for-
mer contains a prioritised list of customer requirements or user sto-
ries, while the latter is a list of tasks derived from the user stories. The
Product Owner controls the product backlog and the Team controls
the Sprint Backlog. At the beginning of each sprint, the team decides
which items from the product backlog should be implemented in this
iteration and the sprint backlog is filled with the according tasks. The
team briefly meets on a daily basis in order to check the progress
and possibly adjust the next steps. After each sprint, the increment
is delivered to the customer and the past sprint is reviewed with the
Stakeholders. In order to support this process, Scrum defines a facil-
itator, the Scrum Master, who helps the team to learn and apply the
method and who does whatever is necessary to support the team, the
product owner, and the organisation in order to be successful. The
scrum master is neither team leader nor project manager, but serves
the team by removing impediments, protecting the team from out-
side interference, and guiding the product owner, team and the orga-
nization.
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The focus of Scrum is on delivering a product, which is integrated,
fully tested, end-user documented, and potentially shippable at the
end of each sprint. The self-organising nature of Scrum leads to a
strong emphasis on communication and collaboration. A good un-
derstanding of the communication requirements of the involved par-
ties further facilitates the Scrum process [Sut+07].
The adoption of more agile project management approaches in
the industrial field will lead to increased communication between the
team members and will shift their specific needs for communication
media.
2.2 Communication Theory
Upon reading into the field of communication theory, one quickly
realises the heterogeneous structure of this topic. Anderson anal-
ysed seven texts offering an overview of communication theory and
counted the proposed communication theories. Of the 249 nomina-
tions, 195 only appeared in a single publication and just eighteen in
three or more. The most widespread theory was named in five publi-
cations [And96].
2.2.1 Communication Theory as a Field
In his seminal paper, Craig argues, that the basis for this incoherence,
is the multidisciplinary origin of the field [Cra99]. The proposed list
of origins includes diverse fields such as literature, mathematics, en-
gineering, sociology, psychology, anthropology, and zoology. The re-
sulting interdisciplinarity is seen as both, a meritorious quality as well
as an obstacle on the path towards a coherent communication theory.
18 CHAPTER 2. CURRENT STATE
In order to reconstruct communication theory as a field, Craig
proposes the goal of a dialogical-dialectical coherence, a state in
which the community actively argues about commonalities and de-
bates differences: “Productive theoretical arguments most readily oc-
cur within an interpretive community sustained by a disciplinary ma-
trix, a background of assumptions shared in common. Disciplinar-
ity, however, does not require that diversity and interdisciplinarity be
suppressed.”
Over the course of his paper, he introduces seven traditions of
communication theory: rhetorical, semiotic, phenomenological, cy-
bernetic, sociopsychological, sociocultural, and critical. He high-
lights their defining aspects (see Table 2.1) as well as their possible
differences. As the proposed classification provides a helpful orienta-
tion regarding the various communication related theories, each tra-
dition will be briefly introduced.
The rhetoric tradition focusses on the practical aspects of pub-
lic communication and discourse. It systematically studies meth-
ods of communication and how they influence public judgement and
decision. In doing so it enables the producer of public communi-
cation to develop more effective rhetoric and at the same time al-
lows the consumer more critical judgements by understanding the
used rhetoric. A central and on-going dispute within the tradition is
whether it should be considered a good, bad, or plain neutral tool.
The semiotic tradition is the study of signs as means to mediate
between subjects. Signs are considered in a very broad sense like lan-
guages or other sign systems like pictograms (consider “a picture is
worth a thousand words”). The central theme of the tradition is thus
the presentation of meaning and its transmission. Even the medium
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itself can become a message, for example, a letter wrapped around
a stone, thrown through a window. While this message could hardly
be misunderstood, other symbols can easily be misinterpreted by a
different person.
The phenomenological tradition considers the experience of
identity and difference and the resulting dialogue. It bridges the du-
alism of subject and object by considering both as subjects. The
resulting unmediated contact is seen as a necessary human expe-
rience, which can easily degrade to inauthenticity. An interesting
aspect of phenomenology is probably known to most people: Con-
scious planning of communication, with however benevolent goals,
often reaches the exact opposite and hinder an actual dialogue. Sim-
ilar common are experience where two persons achieve an instant
understanding beyond words.
The cybernetic tradition sees processing of information as the
central theme and focusses on the functionality of complex systems.
The tradition considers communication as mere information pro-
cessing and it becomes possible to analyse various forms of com-
munication from the same perspective. This includes intrapersonal
communication, interpersonal communication, group communica-
tion, and even communication with artificial entities such as robots.
Having roots in systems science, the cybernetic tradition emphasises
problems of complexity and the possibility of non-linear behaviour.
It also implies that the whole is greater than the sum of its parts.
The sociopsychological tradition is based in experimental sci-
ence. It explains reasons and results of social behaviour. It attempts
to control these behavioural causes and effects. In this context, the
reaction to communication with others is influenced by attitudes,
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emotional states, personality traits, or unconscious conflicts. Irritat-
ingly, the sociopsychological tradition demonstrates how our judge-
ments can be influenced by social context, beliefs, and emotions.
This irrationality challenges our perception of autonomy.
The sociocultural tradition analyses the macro-level phe-
nomenon of social order and how it is created, sustained, and trans-
formed by interaction processes on the micro-level. The two an-
tipodes of this tradition are structural theories based on macro-level
patterns and the interactionist theories focussing on micro-level pro-
cesses. Central themes of the sociocultural traditions are technolog-
ical change, change of social orders, urbanisation, bureaucracy, and
globalisation.
The critical tradition tries to achieve truth through dispute, which
it induces by asking questions that provoke critical reflection. A cen-
tral aspect of the critical tradition is social injustice based on self-
perpetuating ideologies such as racism and patriarchy. It challenges
the moral-political neutrality and objectivity of science, the central
role of individualism, the naturalness of social order, the validity of
authority, and the legitimacy of tradition.
Applying the discursive approach of the critical tradition to com-
munication theory itself, is the exact meta-discourse Craig is trying
to initiate with his clarification of traditions, their similarities, and
their potential differences. By providing a common nomenclature
and structural matrix of communication theory, the individual tra-
ditions are encouraged to sustain a productive discourse.





















Figure 2.5: Critical mass theory - media adoption[Mar87]
2.2.2 Critical Mass Theory
Markus’ critical mass theory of interactive media offers explanations
how media usage patterns develop within communities. Markus con-
siders “universal access” as the essential factor for the success of
interactive media in a group of users. If only some users adopt a
new technology, the community risks disintegrating into two sub-
groups, adopters and non-adopters. In the case of limited access, the
adopters cannot receive the full benefits of the new medium, as the
non-adopters are not available.
When comparing interactive media to other technologies, there
are two types of dependency between the users: sequential and recip-
rocal. For the former, only late adopters are affected by the actions of
the early adopters, while for the latter, early adopters are also affected
by the lack of availability of the late adopters. In interactive media,
early adopters only receive low benefits at high costs, conversely late
adopters receive higher benefits at sometimes even lower costs, as
the technology matures. Markus considers the production function
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the underlying principle of this effect. It specifies the relationship
between the contributions of resources and the achievement of the
common good. In the case of a decelerating production function, the
initial contributions affect the public good most, while succeeding
contributions trail off. The inverse is true for an accelerating produc-
tion function: Later contributions generate larger gains.
Another aspect Markus considers essential for interactive media
is the heterogeneity of resources and interest. The probability of a
few highly interested and highly resourceful users being available in-
creases when there is heterogeneity. As an accelerating production
function only offers small gains for the initial contributions, these
specific users are essential for the progress of adoption.
Markus draws five central conclusions from the principles de-
tailed above: Interactive media usage can reach two states in the long
run, full adoption or demise. A tiny difference in the number of early
adopters can make the difference between the two states (see Fig-
ure 2.5). The lower the resources each adopter must contribute to
keep the medium useful, the higher the probability of universal ac-
cess for the given community. The more heterogeneous the users of
a community are regarding resources and interests, the higher the
probability of a successful adoption. High-interest, high-resource
users are very important among the early adopters in order to achieve
universal access. Measures that support the general interest and
availability of resources will promote full adoption in a community.
2.2.3 Sender, Message, and Receiver
In his work towards a quantitative measure of information, Hartley
defines the basic constituents involved in communication: sender,
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listener, and symbols, which convey a meaning according to a gen-
eral agreement. The process of communication is considered a re-
peated selection of symbols, where each successive selection elimi-
nates more possible symbols and thus makes the information more
precise [Har28]. Hartley distinguishes between the number of pri-
mary symbols s and the number of secondary symbols s2 which are
made up from n1 selections of primary symbols. For the American
Standard Code for Information Interchange (ASCII) this resolves to
S1 = 2, n1 = 7, and s2 = sn1 = 128. A selection of n2 secondary char-
acters results in sn22 = sn1n2 possible sequences. The same number
of possible sequences could have been generated by n = n1n2 selec-
tions of primary symbols, which shows that the grouping of primary
symbols into secondary ones does not affect the number of possible
selections.
Hartley proceeds by defining the amount of information H as
proportional to the number of selections H = K n. By assuming
that two systems with the same number of selections carry the same
amount of information, Hartley derives the measure of information
as the logarithm of the number of possible sequences:
sa
na = sb nb (2.1)






K =K0 log s (2.4)
H = n log s = log sn (2.5)











Figure 2.6: Schematic diagram of a general communication
system [Sha48a]
Because the constant K0 can be arbitrary, he omits it and chooses
the logarithmic base 10. As a reference to his contribution, the unit
of this measure is called a “hartley”. Using base 2 the unit is called a
“bit” and using base e it is called a “nat” [Rez61].
While Hartley does not elaborate more on symbols and their
meaning, Morris focusses on these and provides a foundation for
semiotics. He identifies three essential concepts: the sign vehicle
“that which acts as a sign”, the designatum “that which the sign refers
to”, and the interpretant “that effect on some interpreter in virtue of
which the thing in question is a sign to that interpreter”. He identi-
fies three fields of study related to these core concepts: syntactics, se-
mantics, and pragmatics. While syntactics examines the relations of
signs to one another, semantics analyse the relations between signs
and the objects, which they denote. Lastly pragmatics considers the
relations between signs and their interpreters [Mor38].
Based on the concepts developed by Hartley, Shannon developed
a mathematical theory of communication, which later became the
foundation to the field of information theory. In his work, he clearly
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distanced himself from dealing with the meaning of messages, but
he introduced a general model of a communication system (see Fig-
ure 2.6) which has provided the basis for numerous adaptations until
today[Sha48a; Sha48b]. According to Shannon, a general commu-
nication systems contains the following elements: An information
source providing the message or messages to be communicated to
the destination, a transmitter producing a signal from the message,
a channel transmitting the signal from transmitter to receiver, a po-
tential source of noise distorting the signal, a receiver deriving the
message from the signal by applying the inverse function of the trans-
mitter and a destination for which the message is intended.
Based on this model, Shannon analyses the entropy of an infor-
mation source , the capacity of a channel, and the impact of noise
on the channel capacity [Sha48a]. Based on the work of Hartley, he




pi log2 pi (2.6)
where p1, p2, . . . , pi are the probabilities of occurrence for a set of pos-
sible independent events and K is an arbitrary positive constant. Be-
cause Shannon uses the logarithmic base 2, the unit of this entropy is
bits per symbol. The entropy, and thus the uncertainty, is maximised,
when the individual probabilities are equal. The noise-free channel
capacity C is measured in bits per second and is limited by the rate of
information transmission R measured in symbols per second. In the
case of a noisy channel, the conditional entropy of the input when the
output is known Hy (x) needs to be subtracted from the noise-free en-
tropy of the source H (x)−Hy (x).
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If, for example, information were transmitted at 1000 symbols per
second with two equally possible symbols, the noise-free capacity
would be:




2 + 12 log2 12
) bi t s
s ymb. = 1000 bi t ssec. (2.7)
If noise during transmission on average changes 1 in 100 symbols,





100 + 1100 log2 1100
) bi t s
s ymb. = 0.080793 bi t ss ymb. (2.8)
C =R ∗ (H (x)−Hy (x))
= 1000 s ymb.sec. × (1.0−0.080793) bi t ss ymb. = 919.207 bi t ssec.
(2.9)
This example highlights, that even if only 1 per cent of the symbols is
changed by noise, this has a way larger impact on the capacity. If 50
per cent of the symbols were potentially changed, the capacity would
drop to 0.
Already before this work, he was deeply involved in the early de-
velopments of boolean and information theory. In his master thesis
at the Massachusetts Institute of Technology, he devised a concept
to simplify the arrangement of electromechanical relays based on
boolean algebra and binary arithmetic. In this work, he also proved
that it would be possible to use combinations of electromechanical
relays to tackle boolean algebra problems [Sha36].
In the introductory note to the revised version of Shannon’s math-
ematical theory of communication, his co-author Weaver opens the
engineering details to a wider audience and defines communication
as “[. . . ] all the procedures by which one mind may affect another.” In
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an even broader sense, he considers communication “[. . . ] the pro-
cedures by means of which one mechanism affects another mecha-
nism” [SW64].
Summarising the above, communication is the process of trans-
mitting a message from a sender to a receiver by means of a signal.
Both sender and receiver can be either concrete persons or abstract
entities. The message itself consists of symbols, which in turn have a
syntactical relation to one another, a semantic relation to the object
they refer to, and a pragmatic relation to the receiver.
2.2.4 Media Richness Theory
In their work on information processing in organisations, Daft and
Lengel introduce the concept of “Information Richness” and elab-
orate how it affects organisation on different levels. They develop
models for managerial behaviour and information processing in or-
ganisations and reinterpret traditional organisational concepts in the
light of their new framework [DL84; DL86; DLT87].
Based on the proposition that human languages differ in their
ability to convey information they introduce the measure of media
richness. They differentiate between communication media of high
richness and low richness. The new measure media richness is an
aggregate of four properties: feedback capability, communication
channels utilised, source, and language. Different communication
media are placed on a 5-step scale following their media richness (see
Table 2.2).
In their models of managerial and organisational information
processing, Daft and Lengel derive the conclusion that “rich media
enable people to interpret and reach agreement about difficult, hard





























































































































































































































































































































Figure 2.7: Model of manager information processing [DL84]
to analyse, emotional, and conflict-laden issues” while “media of low
richness are appropriate for communicating about routine activities”
(see Figure 2.7).
2.2.5 Media Synchronicity Theory
As a reaction to the not convincing empirical tests of media richness
theory, Dennis and Valacich proposed a new theory instead of re-
fining media richness theory: media synchronicity theory [Den+98;
DK98; DV99]. They define a set of capabilities for communication
media, namely immediacy of feedback, symbol variety, parallelism,
rehearsability, and reprocessability (see Figure 2.8). Moreover they
consider the categorisation of tasks which media richness theory pro-
vides as too coarse and suggest a two-dimensional categorisation.
One dimension differentiates between the task functions production,
group well-being, and member support while the other dimension
discriminates between the communication processes convergence



























Figure 2.8: Communication system and media capabilities
[DFV08]
and conveyance. Dennis and Valacich consider both of the latter as
equally important: “Without adequate conveyance of information,
individuals will reach incorrect conclusions. Without adequate con-
vergence, the group cannot move forward.”
While they initially clearly distinguish between the defined ca-
pabilities, Dennis and Valacich base most of their propositions on
what they call “media synchronicity”. Media synchronicity is an ag-
gregated measure positively influenced by feedback capability and
negatively influenced by parallelism: processes focussed on con-
vergence favour media providing high synchronicity, processes fo-
cussed on conveyance are best supported by media providing low
synchronicity, established groups require less media with high syn-
chronicity, newly created groups require more media with high syn-
chronicity, and as a group develops over time it will require less media
with high synchronicity. The remaining capabilities, symbol variety,
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Task Fit Profile GroupPerformance
GSS
Technology
Figure 2.9: General model of task technology fit [ZB98]
rehearsability, and reprocessability offer only very general proposi-
tions: symbol variety only affects performance if a set is not given,
higher rehearsability leads to better performance, conveyance pro-
cesses require media with higher reprocessability, and newly created
groups are best supported by media providing a symbol set of high
social presence.
2.2.6 Task-Technology Fit Theory
Zigurs analyses the complex of communication media selection from
the perspective of tasks [ZB98; ZK08]. The central question to her
work is, “Can we specify particular combinations of task and Group
Support System (GSS) technology that will enhance group perfor-
mance?” She provides definitions and categorisations for task, fit and
technology and derives a model of how the former two influence the
latter (see Figure 2.9).
Zigurs defines a task as “the behaviour requirements for accom-
plishing stated goals, via some process, using given information.” Her
categorisation scheme for tasks revolves around the four dimensions
outcome multiplicity, solution scheme multiplicity, conflicting inter-
dependence, and solution scheme/outcome uncertainty. Outcome
multiplicity does not refer to the number of viable solutions, but to







Simple Task High Low Low
Problem Task Low Low High
Decision Task Low High High
Judgement Task High Low High
FuzzyTask High Medium High
Table 2.3: Fit profiles of task categories and technology di-
mensions
the number of criteria involved in evaluating a task. An example
task would be the selection of a new car based on multiple criteria
like fuel economy, comfort, number of passengers, and trunk space.
The dimensions solution scheme multiplicity covers the possibility of
multiple “solution paths” being available to reach the same task out-
come. Conflicting interdependences occur when possible solution
schemes, outcomes, or information are mutually exclusive. Lastly,
with a high solution scheme or outcome uncertainty, one cannot be
sure, whether a chosen solution scheme will lead to the desired out-
come. Based on these four dimensions, Zigurs aggregates tasks into
five categories: simple task, problem task, decision task, judgement
task, and fuzzy task (see Table 2.3).
Similar to the dimensions Zigurs introduced for tasks, she differ-
entiates GSS technologies based on the three aspects communication
support, process structuring, and information processing. Commu-
nication support enables group members to communicate with each
other and combines aspects such as simultaneous input, anonymous
input, feedback, and group display. Process structuring supports, en-
hances, and defines the interaction processes of a group for example,
by setting or enforcing the agenda, by facilitation, or by recording the
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group interaction. Lastly, information processing enables the group
members to collect, share, aggregate, structure, or evaluate informa-
tion.
Zigurs defines fit in the context of task and technology as an ideal
profile (see Table 2.3) composed of task properties and technology
characteristics, which influence group performance. Strong confor-
mance to the ideal profile leads to better group performance.
2.2.7 Web 2.0 and Enterprise 2.0
As many of the recent communication media are considered “Web
2.0” technology, it is helpful to understand the origins of this term
and its implications. The following paragraphs will thus introduce
the basic concepts of Web 2.0 and the related term Enterprise 2.0.
In 2006, Andrew McAfee coined the term “Enterprise 2.0” borrow-
ing from “Web 2.0”, which emerged almost two years earlier [McA06;
ORe05]. The expression Web 2.0 was born after the collapse of
the dot-com bubble in 2001 at a conference brainstorming session,
which led to the accordingly named conference series from 2004.
Even though the initial definition of the new term was by compar-
ing Web 1.0 services like Britannica Online to Web 2.0 services like
Wikipedia, and O’Reilly stated, “Web 2.0 doesn’t have a hard bound-
ary, but rather, a gravitational core”, he provided seven principles,
which are essential to the concept of Web 2.0 [ORe05]:
The Web as Platform: Applications provided via the web are de-
livered as a service and are not packaged. No complex sale of licenses
hinders the adoption. The essential element of these applications is
the data, which is automatically managed by algorithms, for example,
product rankings based on popularity and ratings. This automation
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enables the applications to reach the long tail of the web with fewer
sales of more niche products [And06; BHS06].
Harnessing Collective Intelligence: As users create content on
their personal websites, blogs, or public wikis, others discover the
new information and link to it via permalinks or trackbacks. Based
on this collective activity, the “blogoshpere” grows organically, re-
sembling the structure of synapses in the brain. Similarly, commer-
cial web platforms such as Amazon or eBay, provide their users with
the context in which they can author product reviews or rate each
other after a trade. Another example of collective intelligence is folk-
sonomies, wordplay on the traditional top-down taxonomies for cat-
egorisation. Sites such as Flickr allow their users to tag content with
keywords. These keywords are then assembled into bottom-up cate-
gorisations based on co-occurrence and co-use [GH06; Jäs+07].
Data is the Next Intel Inside: At the core of many applications pro-
vided via the web, are vast databases such as Amazon’s product and
review database, eBay’s database on sellers and buyers or Google’s
map database. Owning instead of licensing essential data can prove
existential for a business, as others could license the same data and
provide competing services. Another phenomenon of the Web 2.0 is
so called mashups. Mashups link together multiple data sources in
order to provide value-added services like housing prices as a map
overlay [Yu+08]. On the downside of this emerging data business are
concerns about ownership of personal data and the associated pri-
vacy.
End of the Software Release Cycle: As applications are provided as
a service instead of a product, their operation becomes a core com-
petency. A Web 2.0 application “will cease to perform unless it is
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maintained on a daily basis.” Users become co-developers, as their
behaviour is analysed in real-time. As a result of shorter release cy-
cles, phrases like “release early release often” or “perpetual beta” have
emerged.
Lightweight Programming Models: Soon after the idea of web ser-
vices surfaced, complex programming environments for distributed
applications like Simple Object Access Protocol (SOAP) emerged and
found their niches. On the Web 2.0 though, simple and pragmatic
solutions such as Representational State Transfer (REST) prevailed
[PZL08]. The lessons are that successful Web 2.0 implementations
support lightweight programming of loosely coupled systems and
favour syndication over coordination.
Software Above the Level of a Single Device: This principle refers
to the fact, that many Web 2.0 applications not only span multi-
ple servers and personal computer, but work across various types of
devices. For example, iTunes from Apple seamlessly integrates its
servers with a personal computer and multiple mobile devices like
the iPod. O’Reilly asks prophetically, “What applications become
possible when our phones and our cars are not consuming data but
reporting it?”
Rich User Experiences: Early on in the development of the web,
concepts of richer interaction with web content arose, but the then
raging browser war between Microsoft and Netscape held them back.
Only after this conflict was decided, the Asynchronous Javascript and
XML (AJAX) framework achieved new levels of interactivity. New web
applications like Gmail or Google Maps achieved personal computer
like richness and usability. Google Docs offers a Web 2.0 based word
processor and spreadsheet-calculator, which can be collaboratively
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used in wiki-style.
While the term Web 2.0 is targeted at any application, following
the principles mentioned above, McAfee distinguishes Enterprise 2.0
as the specific application in companies: “I use the term Enterprise
2.0 to focus only on those platforms that companies can buy or build
in order to make visible the practices and outputs of their knowledge
workers”[McA06]. Following a similar structure as O’Reilly, he distin-
guishes six components of the Enterprise 2.0 concept leading to the
acronym SLATES: search, links, authoring, tags, extensions, and sig-
nals.
Search: He discriminates between two approaches to make con-
tent easy to find, a centralised structure maintained by professional
staff and the Google-like distributed search based on the structure
on the links between content. In a survey regarding intranet usage,
“less than half of respondents reported that it was easy for them to
find what they were looking for” while “87% of Internet searchers re-
port having successful search experiences”. The latter type of search
already implies the next Enterprise 2.0 component:
Links: A dense and dynamic structure of links between content is
essential for Google-like search algorithms, in order to derive a rank-
ing based on the link frequency. In a traditional, hierarchical com-
pany intranet, a small group defines the link structure, which thus
just reflects their perspective. In order to achieve an internet-like
linkage, all involved users need to be able to link to content, which
they deem important.
Authoring: Cunningham, the developer of the first wiki, made the
point, that almost everyone has something to contribute, be it knowl-
edge, insight, experience, a comment, a fact or a link [EG05]. Follow-
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ing this approach, many Web 2.0 related tools enable the user to au-
thor content in a straightforward manner without intermediate ed-
itors. The content provided in this way, forms the basis for the link
structure and dynamic search algorithms.
Tags: Similar to the distinction between centralised and dis-
tributed search, McAfee identifies two means to categorise content:
taxonomies and folksonomies. A taxonomy is a hierarchical classifi-
cation scheme usually developed by a few experts. By comparison a
folksonomy is an emergent classification scheme that is based on the
keywords many users apply in order to classify objects.
Extensions: Extensions take statistical data collected from many
users into account and offer logical extensions to the users’ be-
haviour. If user A buys product X and many other users who bought
product X also bought product Y, it is likely that user A might as well
be interested in product Y.
Signals: Signals refer to technologies like the aforementioned Re-
ally Simple Syndication (RSS) or email alerts, which update a user,
whenever new content becomes available. By employing such tools,
users can avoid constantly re-checking content sources even if there
is no new content available.
These six principles provide a framework for the analysis and de-
sign of corporate communication. Together they distinguish social
’2.0’ media from what one might call traditional ’1.0’ media. McAfee
provides practical insight based on case studies on how this frame-
work can be applied in businesses and how they change structures
and processes [McA09]. One of his conclusions is that “the technolo-
gies of Web 2.0 and Enterprise 2.0 have the wonderful property of
causing patterns and structure to appear over time”.
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2.2.8 Communication Media
With the plethora of currently available means to communicate, only
the media relevant in the context of this dissertation will be intro-
duced in the following paragraphs.
Face-to-Face: Although there is currently no agreement on the
exact time when human language developed and some even con-
sider this “the Hardest Problem in Science” [CK03], it is clear that
gestures and speech were the earliest forms of human communica-
tion. In principle, the estimates range from 2.4 million years ago to
just 50,000 years ago [Fis01]. When two persons communicate face-
to-face, many of our senses are activated. They judge the pressure of
a handshake, sense the others odour or perfume, perceive gestures or
facial expressions, and exchange ideas via spoken language.
Group Meeting: A group meeting is mostly identical to the face-
to-face dialogue. The difference is that it involves more than two par-
ticipants with the maximum number usually limited by factors like
room size and acoustics [GL91; RN01]. In a usual group meeting,
many persons interact simultaneously with the role of speaker being
switched from one to another in order to avoid disorder. Nonetheless,
multiple parallel conversations can occur from time to time.
Presentation: A presentation differs from a meeting, in that only
one speaker is providing information, while the audience is listening.
Telephone: Face-to-face and its derived communication styles
are limited by the reach of the human voice. Although there is
some controversy whether Phillip Reis, Elisha Gray, or Alexander Gra-
ham Bell invented the telephone only the latter can be considered
the winner of this dispute. Bell received the patent for his inven-
tion in 1876 and established the “Bell Telephone Company” which
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later evolved into the “American Telephone and Telegraph Company”
(AT&T) [Rob06]. While the early telephone systems relied on man-
ual switching of the wires, today’s systems automate this process and
each participant can be reached via his unique phone-number. Even
people without much technical knowledge can now have a voice con-
versation spanning around the globe.
The first hand-held mobile phone was developed by Martin
Cooper and his team at Motorola in 1973. Their race for the tech-
nology with Bell Labs ended on April 3, 1973, when Cooper used
the first prototype to call Joel S. Engel of Bell Labs [Coo+76]. In the
past decade, the mobile phone evolved into what is now called a
“smartphone”. It is now a small mobile computer integrating tra-
ditional telephone capabilities with additional functions like calen-
dar, address-book, multi-media playback, photo and video camera,
car navigation, web browsing, and many more. Because most cur-
rent smartphone systems offer programming interfaces, additional
third-party programs, so called “apps”, can extend their functional-
ity [CL11]. According to a survey by the “Pew Internet & American
Life Project”, smartphone users outnumbered the users of traditional
mobile phones in the United States in early 2012 [Smi12].
Telephone Conference: Most current telephone systems support
more than two parties in the same call, which is then called a tele-
phone conference. Because of the limiting single audio channel, tele-
phone conferences do not support multiple parallel conversations in
one conference.
Video Conference: Early video telephone systems already
emerged in the 1930ies, when the German Post started to use the
“Television-Telephone” system connecting Berlin and several Ger-
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man cities [Ass34]. Since then, technology has improved dramatically
with prices dropping at the same time. Today, every common com-
puter or even a smartphone are able to hold a high-definition video
conference [OBL09].
Short Message Service (SMS): Similar to older systems like Telex,
the short message service allows the users of mobile phones to ex-
change brief text messages between each other. It is part of the
Global System for Mobile Communications (GSM) standard and was
developed during the late 1980ies and broadly deployed in the early
1990ies. Because of protocol specifications, its maximum size is re-
stricted to 140 bytes. A message can contain up to 160 characters by
using a reduced alphabet of 7 bit per character [Hil+10].
Letter: Written language first emerged around 3200 BCE in
Mesopotamia and enabled our ancestors to record spoken language
permanently [Fis01]. Today’s mail is commonly written or printed on
paper and is protected by a sealed envelope. Courier or mail services
transport the mail from sender to receiver, which accounts for the
comparably long transmission time of this form of communication.
Fax: A fax machine converts a physical original document into
an electronic representation, which can be transmitted across vast
distances at almost the speed of light. The receiving machine on the
other end then converts the electrical signals back to human readable
form. The Scottish inventor Alexander Bain conceived the first such
system and received the according patent in 1843. The first commer-
cial fax-service started operating in 1865 [Kar09]. The high times of
the fax system were in the 1980ies and -90ies [Hil+10].
Email: Email as we know it today, a system able to transmit
electronic text messages between users across multiple networked
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servers, emerged in 1971 when Raymond Tomlinson implemented
the first networking capable version of SNDMSG, an early mail pro-
gram. In need for a way to distinguish local messages from networked
ones, he chose the @-sign to separate the user name from the name
of the target server. On his own website he says about the first email
messages, that they “were entirely forgettable and I have, therefore,
forgotten them ” [Tom12]. The importance of email in engineering
communication is highlighted by the empirical findings of the TRUST
project: About 90% of the information exchanges are done by email
[VAK13].
Today, the request for comments [Int08a] by the Internet En-
gineering Task Force specifies the formal format of an email and
the “Multipurpose Internet Mail Extensions” define the multi-media
content attachments. The sending, transmission, and retrieval of
emails currently relies on the protocols “Simple Mail Transfer Proto-
col” [Int08b], “Post Office Protocol” [Int96], and “Internet Message
Access Protocol” [Int03].
Email Newsletter: While the sender of a normal email needs to
specify all recipients individually, a newsletter is automatically ad-
dressed to a large group of interested users. The users can usually
register and de-register themselves in an automated way via email
messages or web interfaces. Only a few users are able to send mes-
sages via a newsletter and a direct reply is either not expected or often
even not possible.
Email Mailinglist: In contrast to the limited sender group of
newsletters, a mailinglist is open to most or all registered users.
The system forwards whatever message any user sends to the mail-
inglist to all other registered users. Direct replies via the list itself
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are expected and encouraged and add to the discursive nature of this
medium.
Blog: The term blog is an abbreviation of the term weblog and
emerged in 1999 after Peter Merholz started pronouncing “weblog”
as “we-blog” in early 1999 [Her+04]. The author of a blog usually pub-
lishes articles or commentaries in a chronological manner. Blogs are
often categorised by their focus (personal or corporate), their genre
(e.g. travel blog), or their media type (e.g. photo blog).
A distinct sub-type is a micro-blog, which limits the content of
an individual entry to a certain amount (140 characters in the case of
Twitter).
Wiki: “A wiki is a website which allows its users to add, mod-
ify, or delete its content via a web browser usually using a simpli-
fied mark-up language or a rich-text editor.” This quote is taken from
Wikipedia, a wiki-based encyclopaedia in itself. Wikipedia uses the
wiki approach to provide a collaboratively edited encyclopaedia on-
line. Ward Cunningham developed the first wiki, “WikiWikiWeb”, and
named it after the Hawaiian word for fast or quick [Wik12; EG05;
Hir+12].
As many wikis have a very low level of access control, they put
stronger emphasis on traceability. Wikipedia, for example, records
every change ever made to an entry together with the internet address
from which the entry was edited. It is thus simply possible to revert
to the previous state if a malicious change occurs.
Collaborative Writing: Although synchronous collaborative writ-
ing has been available before, it became commonplace with web
based services such as Google Docs or Etherpad [Cal+11]. Especially
the former provides editing capabilities for all common types of office
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documents: text, tables, and presentations. Multiple users can syn-
chronously edit the same document with all changes directly high-
lighted to all participants.
Decision Support: Web based Decision Support Systems (DSSs)
like Doodle or the privacy enhanced Dudle greatly simplify collab-
orative event scheduling or decision making. In both systems, the
initiator provides a range of potential dates or decision options and
sends the resulting link to the other participants. Each one can then
provide feedback with the current results being directly visible to all
involved. [KB09]
Shared Drive: Most major operating systems include protocols
in order to access files via network. In 1984, Sun Microsystems de-
veloped the Network File System (NFS) for the UNIX world. Apple
included early versions of the Apple Filing Protocol (AFP) with Mac
OS System 6 in 1988. Microsoft extended the Server Message Block
(SMB) originally developed by IBM and included it in Windows for
Workgroups in 1992. Users can access shared drives attached through
these or similar protocols like any usual local hard-drive. Issues of-
ten arise, when multiple users write to the same resource at the same
time, as the common protocols do not implement locking mecha-
nisms.
Intranet 1.0: The first intranets in the early 1990ies resembled
private versions of the World Wide Web (WWW) and were only acces-
sible from within a company. They relied on the Transmission Con-
trol Protocol / Internet Protocol (TCP/IP) for distribution and on the
Hypertext Mark-Up Language (HTML) to store and present the con-
tent [McC96]. In order to preserve order and usability, these intranets
were commonly organised in a hierarchical fashion, with administra-
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tors mediating additions and updates.
Document Management: Document Management Systems
(DMSs) are used to store and organise electronic documents. The
documents are versioned, enriched with meta-data and are often full-
text indexed in order to simplify search and retrieval. Integration of
workflow engines enables the automation of common processes in-
volving documents like release processes or change proposals. Being
file based, DMS do not support the synchronous editing of the same
document by multiple users [Dou+00].
2.3 Business Process Modelling
BPM derives from Systems Engineering and describes the activities
needed to analyse and improve the processes of a business. Harold
Chestnut and Stanley Williams coined the term in their work “Busi-
ness process modeling improves administrative control” [CW67]. In
order to facilitate the human interpretation and interaction with the
created models, a large number of graphical standards and de-facto
standards has emerged over the years: The Gantt Chart, named af-
ter its inventor Henry Laurence Gantt, emerged early in the twen-
tieth century [Gan10], the Flow Chart was devised by Frank Bunker
Gilbreth, a member of The American Society of Mechanical Engi-
neers, in 1921 [GG21], and the Integration Definition (IDEF) family
of diagrams emerged from the U.S. Air Force Program for Integrated
Computer Aided Manufacturing (CAM) during the 1970s [Nat93]. The
latter formally specified different models for different applications.
Among others IDEF0 for functional models, IDEF1 for information
models, and IDEF2 for dynamics models.








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 2.10: BPR lifecycle [AH04]
Three more contemporary standards for handling business pro-
cess models are the Unified Modeling Language (UML) activity dia-
gram [Obj05a; Obj05b] and the Business Process Model and Notation
(BPMN) [Obj10; Obj11] that are both specified by the Object Manage-
ment Group (OMG) as well as Event-driven Process Chains (EPCs)
which emerged in 1992 from a research project involving the Insti-
tute for Information Systems of the University of Saarland and SAP
AG [STA05]. Section 2.3.1 and Section 2.3.2 will explain the latter two
in more detail.
As the modelling techniques mentioned above represent only a
small fraction of the present BPM landscape, tools for the structura-
tion of this field emerged. Giaglis devised a two dimensional taxon-
omy classifying BPM approaches along the axes “process perspec-
tive” and “goals and objectives” [Gia01]. The perspective axis differ-
entiates between the four categories functional, behavioural, organ-
isational, and informational perspective while the objectives axis is
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comprised of the five categories understanding and communication,
process improvement, process management, process development,
process execution (see Table 2.4).
Van der Aalst and van Hee propose a concept very similar to the
“goals and objectives” axis introduced by Giaglis, the “BPM lifecycle”
[AH04]. It consists of four life phases: “diagnosis”, “redesign”, “recon-
struction”, and “operations” (see Figure 2.10). In the first phase, one
analyses the current situation and the problems specific to the way
the processes currently operate. Based on the findings one defines
objectives which can later on be used to measure the improvements.
During the second phase, a new design is developed based on previ-
ous findings. In the following third phase, the IT-systems and organi-
sational structure are realigned to the new process design. Finally, in
the fourth phase, the new processes are actually performed and their
performance is assessed based on the objectives defined in the first
phase.
Ko et al. provide another helpful clarification of the BPM land-
scape in their paper “Business process management (BPM) stan-
dards: a survey” [KLL09]. In addition to the concepts introduced
above, they offer further classification criteria for BPM standards:
“graphical standards” which enable the user to express business pro-
cesses in a diagrammatic way, “execution standards” which comput-
erise the deployment and automation of business processes, “inter-
change standards” supporting portability of data across systems, and
“diagnosis standards” for administrative and monitoring purposes.
Table 2.5 shows their classification of various BPM related standards.




Figure 2.11: ARIS house view of a business process [STA05]
2.3.1 Event-Driven Process Chain
In 1992 SAP AG and the Institute for Information Systems of the Uni-
versity of Saarland conducted a research project during which the
EPC approach was developed. Subsequently this became a key com-
ponent of SAP R/3 and the modelling notation supported by the Ar-
chitecture of Integrated Information Systems (ARIS) tool set [Sch99a;
Sch99b]. ARIS structures the high complexity of BPM with two ap-
proaches: a view concept and the definition of life cycle phases. The
different perspectives, namely organisational view, data view, control
view, function view, and output view, and their relationships are vi-
sualised in the ARIS House as seen in Figure 2.11. The three life cycle
phases “Requirements Definition”, “Design Specification”, and “Im-
plementation Description” subdivide each view. Deviating from the
usual life cycle concepts, ARIS does not follow a procedural model
but rather defines the different phases according to their proximity to
information technology.
The EPC represents business processes as a continuous sequence
of enterprise activities delivering a purposeful output. The specifica-
tion of the elements used to define an EPC evolved in two phases.
The initial version defined three core categories of elements:
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events, functions, and control flows [STA05]. Events are the precon-
ditions for functions and can be the result of functions. They are not
associated to costs or time consumption, but can define a probability
of their occurrence. Functions represent activities or processes and
are activated by events. Costs and time consumption can be associ-
ated to functions. Control flows define the sequence between events
and functions and can also represent logical dependencies: “exclu-
sive or” states that only one case can be true at a time, “or” states that
one or more cases can be true at the same time, while “and” states
that all cases must be true at the same time.
The subsequently developed Extended Event-driven Process
Chain (eEPC) adds elements representing organisational units and
information elements and their respective flows: organisational
units, messages, goals, environment data, machines, outputs, hard-
ware, and software. Figure 2.12 shows a summary of all eEPC ele-
ments. These additional elements represent the different views de-
fined by the previously described ARIS house.
2.3.2 Business Process Model and Notation
In 2000, the Business Process Management Initiative was established
as a consortium with the intention to promote the development of
business process modelling. The initiative developed the Business
Process Modeling Language and the Business Process Query Lan-
guage. As an addition to their modelling language, they also de-
veloped a graphical notation, the Business Process Modeling Nota-
tion, note the missing “and”. After the merger with the OMG in 2005,
the notation was renamed to Business Process Model and Notation
(BPMN) to highlight its abilities to serve also as a model based on
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the EXtensible Markup Language (XML). While the initial releases 1.0,
1.1, and 1.2 focussed on the originally intended graphical notation,
the current release 2.0 comprises model, notation, and a standard-
ised XML schema enabling the exchange of BPMN models [Ear11;
Obj11].
Opposed to the previously discussed EPC, the scope of BPMN is
strictly limited to business processes, explicitly excluding organisa-
tional models, data or information models, strategy models, func-
tional breakdowns, and business rules. Following this focus, a BPMN
model can contain three types of sub-models: Processes, Choreogra-
phies, and Collaborations. Processes can be either private or pub-
lic. Private processes are internal to a single organisational structure,
while public processes show the interaction between a private pro-
cess and another process or participant. In a public process, the ac-
tivities of the private process remain hidden and only those activi-
ties related to the communication between the private and the pub-
lic process are shown. A public process thus highlights the outside
world message flows of a private process. Choreographies are simi-
lar to private processes, in that they appear as a sequence of activi-
ties. The difference is that such an activity represents a set of mes-
sage exchanges between two or more participants. Collaborations
depict the message flows between two public processes, highlighting
the touch-points between the participants. A specialised variant of a
collaboration diagram is the conversation diagram, which captures
the message exchanges between participants, leaving out all other
process information. A single conversation collects multiple message
exchanges concerning the same business object [Obj11]. Because of
its relevance to this thesis, the conversation diagram will be explained
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in more detail.
The conversation diagram is derived from the aforementioned
collaboration diagram. It is similar in that it depicts the communica-
tion between participants, but it differs in that it does this on a more
abstract level. Instead of explicitly detailing every single exchanged
message, one Conversation groups multiple messages together. By
doing so, a conversation diagram provides a clear overview of the
communication between multiple participants. Figure 2.13 shows an
exemplary conversation diagram with its typical elements: partici-
pants, conversations, and conversation links. As each conversation
correlates to the involved messages, it is possible to detail the con-
versation in an additional choreography or collaboration diagram.
2.3.3 Communication Orientation in BPM
In 1996, Kock and McQueen conducted a study regarding the nature
of business processes. An essential outcome of this study is that even
in manufacturing companies about 80% of the flows in business pro-
cesses are information oriented and only about 20% account for ma-
terials [KM96]. In the light of their results, Kock et al. went on to
analyse the impact of different business process representations on
the outcome of business process re-engineering. Many common rep-
resentations of business processes focus on workflows, the chrono-
logical order of activities in a process. This makes sense in a pro-
cess which transforms materials and leads to a physical product but
is inconsistent with the information rich processes common today
[Koc03; KDK08; Koc+09].
Figure 2.14 shows their classification of various representations
of business processes. According to their work, flowcharts form the
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lower end of the communication flow orientation spectrum. Activity
diagrams and use case diagrams provide a more comprehensive view
of communication flows and communication flow diagrams consti-
tuted the upper end of the spectrum.
Based on a number of empirical studies, Kock et al. concluded
that the communication flow orientation of the business process rep-
resentation used in a business process re-engineering operation has
a substantial impact on the outcome [Koc+09]. In general their find-
ings showed that “the degree of communication flow orientation of a
business process model was found to be significantly and positively
related to the perceived ease of generation, ease of understanding,
and accuracy of the model”, which in turn are “significantly and pos-
itively related to the degree of business process redesign success”.
2.4 Collaborative Research Center 666
As the case study presented in Chapter 5 is conducted within the
Collaborative Research Center 666, this section will provide a brief
overview of its aims and structure. It will also introduce a previous
work in this context, which examined the communication processes
within the research centre.
2.4.1 Organisation of the Research Center
The German Research Foundation (DFG) and the Techische Univer-
sität Darmstadt founded the CRC 666 in 2005 in order to research the
possibilities of new production processes for sheet metals. In addi-
tion to the production of integral sheet metals, the research centre
also integrates the development, evaluation, and synthesis of new
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Figure 2.15: Linear flow splitting [Gro+09] and linear bend
splitting [RG08]
product based on the new technology. To support this approach,
methods from the domains of mathematics, mechanical engineering,
civil engineering, and material science need to be applied [GS10].
The core of the research centre is a new method of manufacturing
bifurcated sheet metal. Other than traditional differential design ap-
proaches, this new method allows the manufacturing of sheet metal
with higher order bifurcations as an integral part. The researchers
applied the general method to two approaches, linear flow splitting,
and linear bend splitting. The former creates a bifurcation at the edge
of the sheet metal, while the latter bifurcates the sheet metal on the
surface. In order to create a split on the surface traditional bending
creates a new edge. The process of linear flow splitting is then applied
to this edge and the sheet metal is bent back into its desired shape.
Figure 2.15 shows basic illustrations of both processes.
Following the structure of the involved life cycle processes, the
CRC 666 is organised in four major divisions: Product Development
(A), Production (B), Evaluation (C), and Synthesis (D). Each division
is again split into sub-projects:
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Product Development




Optimisation for deep drawing (A6)
Production
Linear flow splitting (B1)
Cutting processes (B3)
Manufacturing of bifurcated parts (B4)
Deep drawing of bifurcated structures (B5)








In product development, the first sub-project provides the re-
quirements and properties, which are used by the optimisation and
modelling sub-projects. Together with customised optimisation pro-
cesses and newly implemented geometry features in Computer Aided
Design (CAD), they provide an integrated geometric model of the fi-
nal product [Rol+11; SWA11]. The information model created in sub-
project A5 portraits the availability and distribution of the various
types of information created throughout the research centre [And+07;
Wei+12].
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The production division of the research centre further develops
the two manufacturing processes for linear flow splitting and linear
bend splitting. The improved processes will enable the splitting along
a non-linear edge of sheet metal as well as the deep drawing of sheet
metals that have been bifurcated on their surface. These processes
will also monitor their essential dimensions and parameters in-line.
Current results of the evaluation show that traditional approaches
cannot model the “ultra-fine-grained” microstructure that the trans-
formed bifurcation zone of the sheet metal develops. Thus, the target
of this sub-project is to develop new mathematical methods and ma-
terial models that allow the design of new products while considering
relevant safety margins.
The findings of previous research in the centre identified two
promising concepts: Linear bearing systems and surface structures
with integral stiffeners. The aim of the synthesis division is to develop
these concepts into products by integrating the results from the do-
mains product development, production, and evaluation in order to
highlight the advantages of the new technology.
In order to facilitate the exchange across the different domains,
work groups focussing on the products mentioned above include
sub-projects from multiple divisions.
2.4.2 Previous Work on Communication
As part of his diploma studies, Ewgenij Feicha wrote a thesis
analysing the information flows at the CRC 666 in order to apply the
simultaneous engineering approach to the research centre [Fei12].
He applied the established methods and models of business process
modelling (see Section 2.3) in order to identify the inputs, outputs,
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Figure 2.16: BPMN process diagram of an individual sub-
project [Fei12]
Figure 2.17: Gantt diagram of unoptimised and optimised
processes [Fei12]
and interfaces between the different sub-projects. As a result, he
provided comprehensive BPMN process models of all sub-projects,
which he derived from a series of interviews with the involved scien-
tists (see Figure 2.16). Feicha analysed the individual processes of the
sub-projects and distinguished between core and auxiliary activities.
He found that many work packages start with auxiliary tasks like gen-
eral preparation or gathering of necessary information. By parallelis-
ing these activities with core activities of other dependent projects, he
proposed an optimised schedule of work packages as shown in Fig-
ure 2.17.
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2.5 Conclusion
As was shown in the first section of this chapter, the contempo-
rary methods of product development, namely product life-cycle
management, simultaneous engineering, concurrent design, and ag-
ile approaches greatly increase the volume of communication com-
pared to sequential approaches.
Lacking clear guidelines regarding what communication medium
to apply in which context, making all potential communication me-
dia available in parallel, may be tempting for many planners in busi-
nesses. The issue here is that according to critical mass theory, the re-
sulting dispersion of users across many possible communication me-
dia would hinder general acceptance. The thinned-out user base in
each individual medium would be below a certain threshold, result-
ing in too few potential communication partners to achieve universal
access.
In order to find guidance, the following section examined media
selection theories, which introduce novel measures characterising
communication media like media richness, media synchronicity, or
task-technology fit. While the individual characteristics such as im-
mediacy of feedback, the used language, parallelism, or synchronic-
ity are quantifiable, the aggregated measures remain only qualita-
tive. By applying the characteristics individually on an atomic level,
clearer conclusions could be derived. Moreover, the characteristics
proposed by the individual theories are not sufficient to differentiate
clearly between the many new computer mediated communication
media developed in the recent decades.
Kock et al. show that the communication flow orientation of
the business process representation used in a business process re-
2.5. CONCLUSION 63
engineering operation has a positive impact on the outcome. But still
the diagrams provided by current modelling standards such as UML,
EPC, or BPMN only capture a bare minimum of information relevant
to communication, namely who is communication with whom about
what.
In summary, what is lacking is a communication oriented busi-
ness process model that also integrates the characteristics provided
by communication theory. Such a model would support the detailed
analysis, understanding, and planning of communication intensive
business processes in product development.
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Chapter 3
Requirements
“If the right product is to be built, the right requirements have to be
discovered.”
In order to identify the right requirements the systematic ap-
proach defined by Robertson and Robertson will be explained and
applied in the following paragraphs [RR12]. The process first clari-
fies the goals and the scope of the project and identifies the involved
stakeholders. It then establishes use cases and scenarios that make
the problem at hand more accessible. It specifies the requirements
based on the scope, the stakeholders, the use cases, and the scenar-
ios. Following this structured approach increases the likelihood of
discovering all relevant requirements.
The goal of the project provides a clear statement about the pur-
pose, i.e. the intended outcome and the benefits of the project. In a
way, it resembles the highest-level overall requirement. The specifi-
cation of the project goals also includes a brief summary of the back-
ground and an assessable description of the intended results.
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Scoping the project includes drawing a boundary specifying
which functionality should be included and which elements are out-
side the scope. The stakeholders include all persons who have an in-
terest in the project, who can provide helpful knowledge, and whose
decisions impact the outcome.
The use cases present the typical interactions between the stake-
holders and the to-be-defined solution. A standardised solution to
specify these interactions are Use Case Diagrams as provided by the
Unified Modeling Language. The scenarios extend this information
by providing systematic explanations of what activities occur in each
use case. The scenarios are written in commonly understandable lan-
guage and thus ease the interaction of various stakeholders.
The requirements finally distil all the collected information
into simple, understandable, and testable packages. Each require-
ment contains a brief description, the rationale, and a fit crite-
rion that quantifies or measures the requirement and thus makes it
testable. The requirements can be classified into functional and non-
functional requirements. The functional requirements describe what
the solution does and the non-functional requirements describe how
well it does what it does [RR12]. Although the unintuitive naming
might imply otherwise, neither type of requirement should be ne-
glected.
3.1 Overall Goal
Even though the contemporary business process modelling ap-
proaches described in Section 2.3 include models and diagrams fo-
cussing on communication processes, they do not capture all the in-
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formation relevant to a proper examination of the communication
requirements. For a comprehensive analysis and planning of com-
munication processes and the related communication media, addi-
tional characteristics need to be captured.
Thus, the goal of the proposed concept is to give the communica-
tion analysts a better modelling tool and analysis method for commu-
nication processes. The tool and method should support the plan-
ning and maintenance of a communication infrastructure tailored to
the process specific communication needs.
3.2 Scope and Stakeholders
The scope of the presented concept concentrates on the internal
communication of an organisation. Thus, only users, processes, and
communication infrastructure from within one organisation are con-
sidered. Referring to the traditions of communication theory defined
by Craig, the concept focusses on communication aspects derived
from the semiotic and the cybernetic traditions. Aspects derived from
the rhetorical, phenomenological, sociopsychological, sociocultural,
or critical tradition are not considered.
On the most basic level, there are the users with a need to ex-
change information through some communication medium. Parts
of this group are the managers who also decide on the communica-
tion policy defining the communication infrastructure. The commu-
nication analysts are specifically trained and support the managers
by conducting surveys and by assembling reports regarding the com-
municational situation. Responsible for the implementation of the
infrastructure are the administrators, who take care of hard- and soft-
68 CHAPTER 3. REQUIREMENTS
ware installations and their maintenance. Out of the involved parties
described above, the presented concept targets the communication
analysts and the users. The analysts make use of the new modelling
tool and analysis method in order to provide a thorough assessment
to the managers. The users provide feedback about their communi-
cation requirements during interviews. Even though all of these users
belong to the same organisation, they can be distributed across mul-
tiple geographical locations, between different organisational units,
and over a range of hierarchical levels.
One or more managers from an organisation or an organisational
unit are responsible for a comprehensive communication policy. The
policy covers aspects such as information security, communication
hierarchies, or openness. Based on this policy, they define what kind
of communication infrastructure should be used in the organisation.
Based on the directives from the managers, the administrators are
responsible for the implementation and maintenance of the commu-
nication infrastructure. The Infrastructure often consists of hard- and
soft-ware or could also be bought as a Software-as-a-Service (SAAS)
package.
The users employ the communication infrastructure for their
usual collaborative work. During regularly conducted interviews,
they provide feedback to the communication analysts regarding their
communication requirements and they report occurrences of com-
munication issues.
Parallel to their other activities, the communication analysts stay
up-to-date by analysing the use of the currently deployed commu-
nication infrastructure and by monitoring upcoming new commu-
nication media as possible future solutions. They also analyse the
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communication requirements arising from the communication pro-
cesses by conducting interviews with the users. Based on these in-
sights, they compile reports about the current state for the managers
and provide proposals for new or updated infrastructure. Consider-
ing the proposed changes, the managers instruct the administrators
to implement the changes (see Figure 3.1).
3.3 Use Cases
Three main use cases reflect the intent of the analysts to understand
and improve the communication in their organisation: the identifi-
cation of communication issues, the proposal of additional commu-
nication infrastructure, and the proposal of a clean slate communi-
cation infrastructure. Four included use cases support the main use
cases, by providing the necessary information: the capturing of the
communication requirements of the users, the analysis of their re-
quirements, the analysis of the currently installed communication
infrastructure, and the analysis of potential new communication me-
dia.
Use Case 1 - Identification of communication issues: The man-
agers of an established team with existing communication infrastruc-
ture need a clear understanding how the well the various communi-
cation intensive processes and the communication infrastructure fit
together. They engage the communication analysts to perform the
necessary surveys and to compile the information into a report. The
report should highlight the discovered issues and bottlenecks.
Use Case 2 - Proposal of add-on infrastructure: The managers of
a team want to improve the existing infrastructure by adding a limited
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number of new communication media to the infrastructure. They ask
the communication analysts, to provide improvement scenarios ex-
tending the available infrastructure. Based on the report provided by
the analysts, the managers then instruct the administrators to recon-
figure the existing communication infrastructure and install the nec-
essary hard- and software to provide the additional services.
Use Case 3 - Proposal of clean-slate infrastructure: The man-
agers of a team decide to set-up a new communication infrastructure
without considering the existing solutions as boundaries. They ask
the communication analyst, to provide a number of possible scenar-
ios, which need to cover all of the current communication require-
ments. Using the analysts’ report, they instruct the administrators to
install the necessary hard- and software to provide the new commu-
nication services.
Use Case 4 - Capturing of communication requirements: In or-
der to capture the communication requirements of the individual
users, the analysts conduct interviews with them. The basic structure
of the communication of the users, who exchanges information with
whom about what, as well as more detailed requirements regarding
how this information should be exchanged are acquired during these
interviews.
Use Case 5 - Analysis of communication requirements: The ana-
lysts examine the captured requirements regarding general patterns.
Use Case 6 - Analysis of communication infrastructure: The an-
alysts compile a list of currently available communication media and
their capabilities. These can then be compared to the communica-
tion requirements of the users.
72 CHAPTER 3. REQUIREMENTS
Use Case 7 - Analysis of potential communication media: With
the development of communication technologies, new communica-
tion media may emerge. The analysts keep up-to-date with the recent
developments and compile a list of potential communication media
and their capabilities.
3.4 List of Requirements
The following functional requirements for the concept are specified
based on the overall goal, the scope, the stakeholders, and the use
cases:
R1: Communication Media and Process Characteristics
Description: Define characteristics that describe in detail the capa-
bilities of communication media and the requirements of com-
munication processes. These characteristics derive from recent
findings of communication theory.
Rationale: These characteristics are necessary in order to under-
stand the capabilities of communication media and the re-
quirements of communication processes regarding the sup-
porting communication media.
Fit Criterion: The defined characteristics must be fine-grained
enough in order to clearly differentiate the communication me-
dia available in a product development context.
R2: Dissimilarity Coefficient for Characteristics
Description: The dissimilarity coefficient measures the matching
between the requirements and the capabilities of communica-
tion processes and communication media.
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Rationale: In order to estimate which of two communication pro-
cess and communication media combinations matches better,
a reproducible measure for their fit is needed.
Fit Criterion: All characteristics shared between process and
medium are taken into account in order to calculate the
dissimilarity coefficient. Using the coefficient, it must be
possible to rank a given list of communication process and
communication media combinations.
R3: Communication Model
Description: Define a communication model, which captures who is
communicating with whom about what. The model also needs
to take the characteristics defined in requirement R1 into ac-
count.
Rationale: A more detailed communication model is necessary in
order to propose a well-suited communication medium for a
given context.
Fit Criterion: The new communication model must contain all ele-
ments necessary to represent who is exchanging which infor-
mation with whom in what manner. The individual elements
must express the characteristics derived from requirements R1.
R4: Communication Model Notation
Description: Provide a visual notation for the central elements de-
fined by the new communication model.
Rationale: A visual notation of the model enables intuitive interac-
tion with it. It also enables the communication analysts to eas-
ily explain the model to non-technical users during the inter-
view process.
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Fit Criterion: A visual notation for the central elements and charac-
teristics of the communication model must be provided. More
than 50% of users must consider the visual notation helpful
during the interview.
R5: Track Deployed Communication Media
Description: Provide a way to keep track of the currently deployed
communication media, to which user they are available, and
what their characteristics are.
Rationale: For subsequent analysis steps, it is necessary to know
which communication media are available to which user in the
organisation.
Fit Criterion: A way to track the communication media available to
the users of the organisation and their characteristics must be
provided.
R6: Identify Issues
Description: Define a process to identify discrepancies between the
communication requirements captured in the model and the
communication media available to the users.
Rationale: This analysis identifies bottlenecks in the as-is state,
which is a necessary first step to better understand the current
situation and derive countermeasures.
Fit Criterion: It must be possible to identify issues and bottlenecks
based on a specific communication model enriched with ad-
vanced characteristics and the information about the currently
available communication media.
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R7: Track Potential Communication Media
Description: Provide a way to keep track of which communication
media are potentially available and what their characteristics
are.
Rationale: In order to identify possible improvements by introduc-
ing new communication media, a comprehensive list of poten-
tial candidates needs to be compiled and maintained.
Fit Criterion: A way to track potential communication media and
their characteristics must be provided.
R8: Propose Clean-Slate Communication Infrastructure
Description: Define a process that proposes improvement scenarios
based on potential communication media without considering
currently deployed communication media. The process also
needs to consider management requirements such as maxi-
mum number of deployed communication media or the gen-
eral communication policy.
Rationale: This process proposes one or more solutions to the ques-
tion “What combination of communication media covers the
most communication requirements?”
Fit Criterion: The combination of communication media proposed
by the process must minimise the discrepancies between re-
quirements and media characteristics.
R9: Propose Add-On Communication Infrastructure
Description: Define a process that proposes improvement scenar-
ios based on potential communication media while at the same
time considering deployed communication media.
Rationale: Similar to the previous requirement, this process pro-
vides a solution to the question “What additions to the cur-
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rently deployed communication infrastructure would reduce
the issues the most?”
Fit Criterion: The combination of communication media proposed
by the process must include the currently deployed communi-
cation infrastructure and must minimise the discrepancies be-
tween requirements and media characteristics.
The non-functional requirements are:
R10: Minimal Deviation from Standards
Description: The newly defined communication model and its nota-
tion should deviate as little as possible from established com-
munication modelling standards.
Rationale: In order to reduce the effort of adapting to the new model
and notation, both should stick as closely as possible to the
standards they are based on.
Fit Criterion: The modelling techniques for the common basis be-
tween the standard and the newly derived model and notation
must not be changed. An analyst, who can model in the exist-
ing standard, must not need to learn new concepts in order to
apply the standard elements in the model and notation.
R11: Clear Visual Language
Description: The visual language of the adapted notation should be
simple, clear, and easy to print in black and white.
Rationale: A simple and clear presentation of the additional infor-
mation is necessary in order to grasp a diagram quicker. Even
though many office printers today allow for colours, fax ma-
chines generally only transmit black and white, which should
not alter the readability of the notation.
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Fit Criterion: More than 50% of users must consider the visual lan-
guage easy to understand and the readability of the symbols
must not be altered by a black and white print.
3.5 Conclusion
Summarising the previous sections, the overall goal is to provide
a model and notation of communication processes to support the
analysis and planning of communication infrastructure. This model
and notation must extend existing standards and it must take find-
ings of media selection theories into account. The essential use cases
are the analysis of the modelled communication process character-
istics in comparison to the characteristics of the available commu-
nication media, the planning of a new set of communication media
starting from scratch, and the planning of a suitable set of media to
be added to the currently installed ones. The central user-group tar-
geted by the approach is the communication analysts who use the
model and notation as a supporting tool. Table 3.1 provides a com-
pact overview of the requirements, their fit criteria, and their related
use cases.





























































































































































































































































































































































































































































































































































































































































































































































Chapter 2 described recent developments in product development
processes and highlighted the increasing intensity and complexity of
communication due to approaches like Simultaneous Engineering,
trust management, and agile project management. In addition, the
recent adoption of Web 2.0 concepts in enterprise environments fur-
thers this development. In order to build a basis for the analysis and
management of these communication processes, the chapter also re-
viewed media selection theories from the research field communica-
tion theory. Moreover, it showed that a stronger focus on commu-
nication in business process modelling approaches such as BPMN
leads to better results of re-engineering projects.
In conclusion, a new approach integrating findings from com-
munication theory and business process modelling is required in or-
der to support the modelling, analysis, and planning of increasingly
intensive and complex communication processes, which occur in
product development.
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Product Development
(SE, TRUST, Scrum)






Communication Model and Notation
(modelling, analysis and planning)
integration of communication characteristics
and communication process modelling
Figure 4.1: Rationale of the CoMoNo concept
Following this rationale (see Figure 4.1), this dissertation pro-
poses a concept supporting analysis and planning of communica-
tion infrastructure based on an enhanced model and notation. This
new model and its notation focus on the characteristics of commu-
nication processes and communication media. The central goal is to
give the communication analysts a better modelling tool and analy-
sis method to argue why certain changes in the communication in-
frastructure are necessary. Figure 4.2 provides an overview over the
general process, which governs the CoMoNo concept.
The central aspects from the analysts’ perspective are the mod-
elling of communication media and processes, the analysis of the
communication requirements, and the planning of a communication
infrastructure adapted to the previous findings. The managers de-
fine the communication policy and decide on changes to the existing
communication infrastructure based on this and the proposals pro-
vided by the communication analysts. Once they made the decision,
the administrators implement the necessary communication infras-
tructure and provide access to the users. The users can then apply
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the provided communication media in their daily business processes
and provide feedback to the communication analysts. Aside the user
initiated feedback, the communication analysts also conduct regu-
lar interviews with users, in order to keep up-to-date regarding their
communication requirements.
As the CoMoNo concept focusses on the support of the com-
munication analysts, this chapter will explain the three essential as-
pects of modelling, analysis, and planning in the following sections.
The modelling aspect is split into two perspectives, the meta-model,
which defines what elements are available for a concrete model, and
the notation, which defines how these elements are visually repre-
sented in diagrams. The analysis then uses these modelling tools
in order to define the characteristics of potential communication
media, review the currently available communication infrastructure,
and capture the communication requirements of the targeted users.
Based on the findings of the analysis, the planning derives proposals
for either a clean-slate or an add-on communication infrastructure.
4.1 Modelling
In general, a model is an abstract representation of a real phe-
nomenon. Because a model is created for a specific and pragmatic
reason, it reduces the real phenomenon to the relevant aspects. De-
pending on the intended application, a model commonly idealises
the real world by simplifying assumptions or reducing irregularities,
which have a negligible impact. A model aims to improve the under-
standing of the real phenomenon and thus enables the user to derive
conclusions about the effects of changes in the real world. By pro-














































































































Figure 4.3: Structure of the concept
viding a common ground, it also supports the exchange and collab-
oration between the different users of a model and enables them to
compare results modelled by different users.
The meta-model defines the elements available to the model and
their possible relationships to one another. Based on the seman-
tics provided in the meta-model, automated analysis becomes pos-
sible. The notation on the other hand provides a visual presentation
to the user of the model, enabling the intuitive interaction with the el-
ements and their relationships (see Figure 4.3). The meta-model and
notation described in the following sections, represent communica-
tion processes between multiple participants. The model supports
the analysis of communication processes and their relationship to the
according communication infrastructure.
4.1.1 Meta-Model
The meta-model of the CoMoNo concept is based on the Conversa-
tion meta-model of BPMN 2.0 (see Section 2.3.2) and extends it with
more detailed meta-data. This additional meta-data is needed in or-
der to specify the media characteristics and communication require-
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ments defined in the requirements R2 and R4 (see Chapter 3). The
UML class diagram shown in Figure 4.4 provides a general overview
and the following sections explain each element in more detail.
The three core-elements of the meta-model are the Participant,
the Conversation, and the CommunicationMedium. The former
two as well as the ConversationNode and SubConversation classes
are adaptations from the standard Conversation meta-model. Aside
these, there are a number of additional classes, reflecting the
CoMoNo additions: The two classes Level and Location denote
the hierarchical and spatial position of a Partcipant, the associ-
ation class Role specifies whether a Participant is a sender, re-
ceiver, or both in the context of a specific ConversationNode, and
the CommunicationIssue class is used to highlight identified prob-
lems in a CoMoNo model.
Classes
Participant: This reflects who is taking part in an information ex-
change and can be either an individual person or an abstract group of
persons. Each Participant specifies the spatial Location. Depend-
ing on the context of the model, this could be a geographic location
represented by latitude, longitude, and elevation or a company spe-
cific location represented by the complex, building, level, and room
number. Using an according implementation of a distance metric,
one can derive a measure of distance from two given locations. The
association class Role and its implementations Sender, Receiver,
SenderAndReceiverdetermine whether a Participantprovides in-
formation, receives information, or does both in the context of one






























































































































































































Figure 4.5: CoMoNo characteristics and their associations
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creating large numbers of participant instances, a single participant
who represents an abstract group of individuals (e.g. readers of a
newspaper) can specify a multiplicity. If no multiplicity is set, a mul-
tiplicity of one is assumed.
Conversation: According to the BPMN 2.0 specification, “a Con-
versation is the logical relation of Message exchanges. The logical
relation, in practice, often concerns a business object(s) of interest,
e.g., Order, Shipment and Delivery, and Invoice.” As a message ex-
change involves two Participants, a Conversation is associated
to at least two. In order to be able to define a Conversation on a
more detailed level, it is possible to define a SubConversationwhich
itself can contain multiple conversations. Both Conversation and
SubConversation derive from the abstract ConversationNode and
thus share the associations defined on that level. So far, the structure
of conversation related classes adheres to the BPMN 2.0 standard but
the CoMoNo meta-meta-model extends this by adding multiple as-
sociations to the characteristics defining the requirements of an indi-
vidual Conversation (see Figure 4.5).
CommunicationMedium: This class is specific to the CoMoNo
meta-model and describes a communication medium and its ca-
pabilities. Each Conversation is associated to at least one
CommunicationMedium used to transmit the involved messages. The
capabilities of a medium are represented by associations to charac-
teristics (see Figure 4.5).
Role: This specification is context specific and is thus modelled
as an association class. For each combination of Participant and
ConversationNode, an independent sender/receiver specification is
captured. This tells whether the Participant provides or consumes
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information. In the context of a bi-directional conversation, both
participants have both roles.
Level: This describes the hierarchical position of a participant
and must be adapted to the specific context of a modelling applica-
tion.
Location: In order to calculate the distances between the
Participants of a Conversation, the spatial position of each
Participant needs to be captured. Similar to the Level, the way
locations are specified must be adapted to the specific context.
CommunicationIssue: As communication issues are identified
during the modelling process, they need to be captured in the context
of the Conversation in which they occur. They contain a description
that explains the cause of the identified issue.
Characteristics
Characteristics with a discrete number of possible values are mod-
elled as abstract classes with the possible values as subclasses. The
characteristics can be categorised into three groups: characteristics
of the participant, characteristics directly shared between the con-
versation and the communication medium, and characteristics that
need to be evaluated from a concrete model. Shared characteristics
like synchronicity, directionality, explicity, visibility, reprocessability,
editor multiplicity, and conteny type are explicitly specified in a re-
alised model; other characteristics like participant multiplicity and
distance need to be calculated from the participants assigned to a
conversation and their multiplicities. The class diagram in Figure 4.6
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Directionality: The directionality of a conversation defines
whether the roles of sender and receiver are fixed or can be switched.
In a uni-directional conversation, the receiver cannot become a
sender and thus cannot reply to the information received. In a bi-
directional conversation, at least two participants are senders. The
media richness theory (see Section 2.2.4) refers to this characteristic
as “feedback” and considers it an important factor positively influ-
encing “media richness” [DL84; DLT87].
Uni-Directional: newspaper, radio, television, presentation
Bi-Directional: mail, telephone, video conference, meeting, wiki
Synchronicity: If a conversation is synchronous, both parties
need to be present at the same time. In an asynchronous conver-
sation, the sender can provide the information, even if the receiver is
currently not available. As with the directionality mentioned above,
the media richness theory also considers the synchronicity, or as it
calls it the “immediacy”, an important contribution to “media rich-
ness”. In general, media richness theory merges both characteristics
together and only speaks of “immediacy of feedback”. Media syn-
chronicity theory (see Section 2.2.5) on the other hand, offers a more
differentiated perspective on synchronous feedback [DV99; DFV08].
While it considers synchronicity an important factor in improving
understanding for similar reasons provided by media richness the-
ory, it also argues that synchronous feedback can have a negative im-
pact on conveyance of information that requires deliberation. The
authors argue, that media which enable synchronous feedback, cre-
ate the according expectations and thus limit deliberation. This in
turn could lead to premature action. Another indirect factor influ-
encing the possible synchronicity is the location of the participants.
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If they are spread out across different continents and thus different
time zones, synchronous communication is often not possible, as not
everyone is available at the same time.
Synchronous: face to face, presentation, telephone, radio, chat
Asynchronous: fax, email, blog, wiki, podcast, shared drive
Reception: Just having sent a message, does not always guaran-
tee, that the intended recipient received it. Even in a face-to-face con-
versation, an explicit nod with one’s head might be necessary to show
that the message was received. Additional protocols, such as the re-
ceiver repeating the received message, can further reduce the risk of
a misunderstanding. Electronic communication media often auto-
mate this process and inform the user of the outcome. As the receiver
at least needs to acknowledge the reception of a message, explicity
implies a minimal level of bi-directionality.
Explicit: face to face, telephone, meeting, sometimes email
Implicit: book, radio, television, blog, wiki, shared drive
Visibility: When two persons communicate, both need access to
the content of the message. In an environment with many poten-
tial participants, the situation becomes more complex and more fine-
grained control of access or visibility is necessary. A private message
should only be visible to those directly addressed, but in a collab-
orative environment it can be useful, if even not directly addressed
members of the group can view the message. Some messages are not
even addressed to anyone at all, but are meant for the general pub-
lic. A special case arises, when the content of the message should be
off-the-record so that none of the involved parties can prove, what
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the other parties stated. The off-the-record capability aside, this vis-
ibility model is aligned with the Portable Operating System Interface
(POSIX) specification [IEE08], private resembles the “owner class”,
group resembles the “group class”, and world resembles the “other
class”. Although this characteristic defines the circle of participants
who are able to view the content of a conversation, it does not specify
the security provided by the medium. Encryption and other security
measures are not considered.
OTR: face to face, telephone; Private: mail, email, chat
Group: meeting, mailing-list, video conference
Public: book, radio, television, blog, wiki, presentation
Reprocessability: The reprocessability defined by the media syn-
chronicity theory (see Section 2.2.5) describes the ability to access
content of a conversation even after the conversation took place.
While this is true for most asynchronous media, also synchronous
media can be made somewhat reprocessable by arranging a dedi-
cated note-taker and by providing meeting-minutes. It is also directly
linked to the visibility of the conversation, as the participant will only
be able to review those contents, which are accessible. The ability
to search through content of a conversation is related to this charac-
teristic, as only available content can be searched. While early infor-
mation systems focussed on categorisation of information in order to
retrieve it, the ability to search in vast amounts of content has been a
major enhancement driven by recent technologies such as McAfee’s
SLATES based Enterprise 2.0 (see Section 2.2.7).
Reprocessable: blog, wiki, DMS
Transient: face to face, telephone, meeting
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ContentType: Media Richness Theory addressed this character-
istic as “multiple cues” and “language variety” and defines these as
“array of cues [which are] part of the message” or respectively “the
range of meaning that can be conveyed with language symbols”. In
this sense, numbers can convey more precision, while natural lan-
guage and gestures can communicate a broader range of concepts
and ideas (see Section 2.2.4). The “symbol sets” introduced by Media
Synchronicity Theory extend Shannon’s symbol type concept and in-
clude the above definitions. Dennis states that there is a broad range
of symbols available to humans and that many media support the si-
multaneous transmission of multiple symbol sets. The ContentType
characteristic is thus based on the symbol set definition and repre-
sents an extendible list of possible content types. Initial suggestions
are listed in the examples below.
Physical: handshake
Audio: telephone, podcast, radio
Audio & Video: video conference, vodcast, television
Text: micro blog, chat, SMS
Text & Graphics: mail, fax, email
Structured Data: database
Decision: web decision tool, DSS
Multiplicity: According to the communication model introduced
by Shannon (see Section 2.2.3), a message always follows a one-to-
one pattern: one sender and one receiver. As a conversation can
aggregate multiple messages and as each participant can take differ-
ent roles, two multiplicities are necessary to define a conversation:
How many participants take part in a conversation and how many
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of them are editing the content simultaneously. While the multiplic-
ities derived from the model represent concrete numbers, the mul-
tiplicities defining the capabilities of communication media are de-
fined on seven levels: individual (I, 1), group (G, < 10), small en-
terprise (SE, < 50), medium enterprise (ME, < 250), large enterprise
(LE, < 2.5M), nation (N, < 1.5B), world (W, < 10B). The group size is
based on recent studies regarding team compositions [Ste06; Mue12],
small and medium enterprise sizes are derived from the specifica-
tion of the European Commission [Eur05], the large enterprise scale
is based on Wal-Marts annual report of 2012 [Wal12; Bas07], the na-
tion scale is based on the China, the world’s most populous nation,
and world scale is based on the United Nations report on World Pop-
ulation Prospects [Uni09].
One-to-one: face to face, telephone, fax
One-to-many: book, presentation, blog
Many-to-many: mailinglist, wiki, shared-drive
Distance: The distances derived from the locations of the partici-
pants involved in a conversation are essential criteria for the selection
of the appropriate communication media. A face-to-face conversa-
tion is not possible if the participants are spread out across multiple
cities or even countries. Yet, if the participants are sitting in the same
room, they will usually not use the telephone to communicate. The
levels used for this characteristic roughly follow a base 10 exponential
law: room (D0, 100m), floor (D1, 101m), building (D2, 102m), com-
plex (D3, 103m), city (D4, 104m), region (D5, 105m), Nation (D6,
106m), Continent (D7, 107m), World (D8, 1/5 ∗ 108m). A CoMoNo
implementation needs to include a distance metric that calculates a









Continent&World: mail, electronic media
Table 4.1 summarises the details provided above and introduces
the symbols, scales, encodings, and icons used for the individual
characteristics.
4.1.2 Notation
In order to facilitate the intuitive user interaction with the model,
a graphical notation defining the presentation of the individual el-
ements is required. Similar to the meta-model introduced in the
previous section, the notation is based on the BPMN 2.0 conversa-
tion diagram and extends it with symbols for the additional meta-
data. In general the notation focusses on conversations, participants,
and their associations. Conversations are represented as hexagonal
shapes, participants as rectangles with sharp corners, and the as-
sociations as solid lines connecting conversations and participants.
Deviating from this standard BPMN 2.0 conversation diagram nota-
tion, the participants also show their multiplicity, while the conversa-
tions show the editor multiplicity. Additionally, symbols representing
the state of the essential characteristics directionality, synchronicity,
reception, visibility, reprocessability, and participant role enrich the

















































































































































































































































































































































































































































































































































































































Figure 4.8: CoMoNo diagram containing an issue
conversation notation. Table 4.1 provides a list of the different sym-
bols for these characteristics. The lines representing the associations
between participants and conversations also show the role of each
participant in a specific conversation.
Sub-figure 1 of Figure 4.7 shows the standard BPMN 2.0 conver-
sation diagram notation. Sub-figure 2 shows the full notation defined
by the CoMoNo concept containing additional meta-data presenta-
tions for conversations, associations, and participants.
In this case, the two administrators provide information about
the configuration of the shared printers to the secretary and to up to
twenty-five research assistants. Not all of these participants are avail-
able at the same time, only the administrators can change the infor-
mation and it is not necessary to know explicitly, who received the
information. Thus the information is shared asynchronously, uni-
directional, and with implicit reception. Moreover, it is only visible
to the group, who can also reprocess the information later.
Figure 4.8 shows a CoMoNo diagram with slightly change char-
acteristics. Now the printer configuration is supposed to be shared
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synchronously, which obviously leads to an issue, as not all partici-
pants are necessarily available at the same time. Such an identified
communication issue is shown in this model, highlighting the con-
versation that is problematic.
Some of the meta-data described in Section 4.1.1 is not visually
represented by the notation in order to enhance the readability by
keeping it simple and uncluttered. Future CoMoNo modelling-tools
are responsible for providing additional user interface elements to
view and edit these attributes. The participant symbols do not vi-
sualise their level and location, and the conversation symbols do not
show their attributes for required content types or the used medium.
4.1.3 Dissimilarity Coefficient for Communication
In order to compare the resemblance between a number of object
pairs, a measure describing their similarity or dissimilarity is needed.
Resemblance coefficients calculate a single value for this measure
based on the properties of the compared objects. The two types of
resemblance coefficients, similarity coefficient and dissimilarity co-
efficient, only differ in their direction. The former delivers a higher
value for closer resemblance, while the latter gives higher values for
greater differences [Rom04].
The challenge to create a dissimilarity coefficient as demanded
by requirement R2 is to integrate the different types of charac-
teristics into one value. For the poly-nominal characteristics p ∈{
Syn,Di r,Rec,Rep,V i s,Cont
}
, the dissimilarity coefficient of a con-
versation C and a medium M dC ,M ,p is defined as:
dC ,M ,p =
|cC ,p \ cM ,p |
|cC ,p |
0≤ dC ,M ,p ≤ 1 (4.1)
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dC ,M ,p cM ,V i s = {O,W } {G} {P,G} {O,P,G}
cC ,V i s = {P,G} 1.0 0.5 0.0 0.0
dC ,M ,r cM ,Di st = 1m 103m 106m 109m
cC ,Di st = 106m 1.0 0.5 0.0 0.0
Table 4.2: Examples for the dissimilarity coefficients for poly-
nominal and ratio scale characteristics of a conver-
sation and a medium. (d:dissimilarity coefficient,
C:conversation, M:medium, p:polynominal scale,
r:ratio scale, Vis:visibility, Dist:distance, O:OTR,
P:private, G:group, W:world)
Here cC ,p and cM ,p are the sets of values for the characteristic p of
the conversation C or medium M . For example if the conversation
required both private and group visibility (cC ,V i s = {P,G}) and the
medium only provided one of them (cM ,V i s = {G}), the coefficient
would be dC ,M ,V i s = 1
2
= 0.5. Table 4.2 lists some exemplary values
for the coefficient.
For the ratio scale characteristics r ∈ {pMul t ,eMul t ,Di st}, the
dissimilarity coefficient is defined as:
dC ,M ,r =









) if cC ,r > cM ,r 0≤ dC ,M ,r ≤ 1
(4.2)
If a conversation takes place across a country (cC ,Di st = 106m) but
the medium is only considered relevant for the distance of a complex
(cM ,Di st = 103m), the dissimilarity coefficient would be dC ,M ,Di st =
6−3
6
= 0.5. Table 4.2 provides a range of values for different combi-
nations of conversations and media.
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The combined dissimilarity coefficient dC ,M for all characteristics
c ∈ p ∪ r is defined as the sum of all individual coefficients dC ,M ,c in





|c| 0≤ dC ,M ≤ 1 (4.3)
As each individual dissimilarity coefficient is already normalised to
the range 0 to 1, the combined coefficient is also normalised to this
range. If no requirement for a characteristic c is specified by a con-
versation, dC , M ,c = 0.
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Figure 4.9: Structure of the concept
4.2 Analysis
The overall structure of the CoMoNo concept presented in Figure 4.9
shows three distinct aspects of the analysis section: The analysis of
available communication media, of potential communication media,
and of the process specific communication requirements. The first
and second involve the capturing of the previously described com-
munication characteristics for potential or currently installed com-
munication media while the third focusses on the examination and
modelling of business processes with a focus on their communica-
tion characteristics.
4.2.1 Analysis of Communication Media
As mentioned in Chapter 3, the targeted user group of the CoMoNo
concept are the analysts who use the enhanced modelling tools to
conduct their analysis of the communication processes and infras-
tructure. The first two analysis activities, described in the following
sections, provide the foundation for well-informed decisions in the
subsequent planning phase: “What are the characteristics of the cur-
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rently installed communication media?” and “Which communica-
tion media are potentially available and what are their characteris-
tics?”
In the first step, a table of the capabilities of all currently em-
ployed communication media is compiled following the template
provided in Table A.1. The table uses two different variable encod-
ings, poly-nominal and numerical. The characteristics synchronicity,
directionality, reception, and reprocessability have all only two basic
states but some media support both options and the final choice is up
to the user. For example, email is most commonly used with implicit
reception, but the user can choose to require an explicit confirmation
of the reception. In this sense, the characteristics synchronicity, di-
rectionality, reception, and reprocessability have the additional state
both and are thus modelled as poly-nominal variables. Another case
is the characteristics visibility with its four different options and the
possible forms of content, which are encoded as a comma or space
separated text strings. In combination with a definite order of their
elements, they can be treated as poly-nominal variables to some ex-
tent. The two characteristics distance and multiplicity are modelled
as ratio-scale numerical variables.
In the second step, the analysts compile a similar table for poten-
tial communication media, i.e. those media which are currently not
installed but which are viable regarding relevant business constraints
like existing hardware or budget limits.
In both cases, currently installed communication media and po-
tential future communication media, the captured capabilities re-
semble the common, regular case, not the uncommon extreme. Of
course, a user could potentially send a normal email to thousands
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of recipients by manually adding thousands of addresses, but this is
usually not the case.
4.2.2 Analysis of Communication Requirements
The lengthier process of updating the communication model in-
volves capturing the communication behaviour of the users and their
communication requirements. In a first round of interviews, the ba-
sic structure of who is communicating with whom about what topic
is aggregated and analysed. The question to be answered by this step
is which users are the key-communicators, i.e. which users are in-
volved in the most conversations and which conversations are the
ones with the most participants. The second round of interviews fo-
cusses on these key-communicators and the users participating in
key-conversations. Now the specific requirements of each participant
and conversation are integrated into the comprehensive CoMoNo
model. A template for the interview guideline can be found in Ap-
pendix A.
In addition to the issues already reported by the users, it is also
necessary to identify any issues arising from discrepancies between
the modelled requirements and the available communication media.
This procedure (see Figure 4.10) includes loading all conversations
represented by the CoMoNo model (see Template A.2. The initial list
includes the requirements directly associated to the conversations.
The following two steps aggregate the multiplicity and distance re-
quirements from the participants for each conversation. Regarding
the distance between all senders and receivers, the requirement de-
manding the longest distance prevails. The final table of conversation
requirements is then compared to the characteristics of the available
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Figure 4.10: Issue identification procedure
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Figure 4.11: Structure of the concept
media, which was compiled previously. For each conversation in the
table the match for all available media is calculated using the dissim-
ilarity coefficient dC ,M described in Section 4.1.3. For each conversa-
tion, a ranked list of communication media is stored.
4.3 Planning
There are two approaches for the planning of a proposal for a new
communication infrastructure: clean-slate and add-on (see Fig-
ure 4.11). While the former assumes that the currently installed in-
frastructure can be changed or even completely removed, the latter
keeps the current infrastructure as it is and only adds new media.
4.3.1 Planning of a Clean-Slate Infrastructure
As the planning of a clean-slate proposal does not take the current
communication infrastructure as a fixed given, there are three poten-
tial ways to treat the installed media (see Figure 4.12). Sub-figure 1
shows the case in which all currently installed media are also consid-





Figure 4.12: Potential media for a clean-slate proposal
which some of the current media are excluded from the list of poten-
tial media for a proposal. Sub-figure 3 shows the rare case that none
of the current media should be considered in a new proposal.
The number of communication media to be considered in the
new proposal (n) is set after the list of considered communication
media for a clean-slate proposal has been decided on. Using the list
of potential media, the list of conversations in the CoMoNo model,
and the number of media to be proposed as input, the procedure to
derive a customised proposal (see Figure 4.13) works as follows:
1. The list of conversations with their communication require-
ments, which has been created during the analysis phase (see
Section 4.2.2), is loaded from the CoMoNo model.
2. The list of potential communication media together with their
characteristics is loaded.
3. For all possible sets of potential media of cardinality n and
each conversation, the set-members with the lowest dissimi-
larity coefficient dC ,M regarding the current conversation are
identified and the sum of the dissimilarity coefficients is calcu-
lated across all conversations. Now this sum is divided by the
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Figure 4.14: Potential media for an add-on proposal
number of conversations and is then assigned to the respective
set of potential media.
4. The list of possible sets of potential media is sorted in ascend-
ing order according to each sets averaged sum of the dissimi-
larity coefficients, so that the best candidates are listed first.
4.3.2 Planning of an Add-On Infrastructure
The planning of an add-on proposal seems similar to the clean-slate
case in which all currently installed media are included in the list of
potential media. The difference between these two cases is that for
an add-on proposal all current media must be included in the final
proposal, while in the clean-slate case, they may be but do not have
to (see Figure 4.14). This slight difference changes the procedure to
generate an add-on proposal compared to the clean-slate case (see
Figure 4.15):
1. The list of conversations with their communication require-
ments, which has been created during the analysis phase, is
loaded from the CoMoNo model.
2. The list of current communication media together with their
characteristics is loaded.
3. The list of add-on communication media together with their
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Figure 4.15: Add-on proposal procedure
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characteristics is loaded.
4. For all possible sets of potential media of cardinality n joined
with the set of current media and each conversation, the set-
members with the lowest dissimilarity coefficient dC ,M regard-
ing the current conversation are identified and the sum of the
dissimilarity coefficients is calculated across all conversations.
Now this sum is divided by the number of conversations and is
then assigned to the respective set of current and add-on me-
dia.
5. The list of possible sets of current and add-on media is sorted
in ascending order according to each sets averaged sum of the
dissimilarity coefficients, so that the best candidates are listed
first.
4.4 Verification
The Institute of Electrical and Electronics Engineers (IEEE) Standard
Computer Dictionary [IEE91] defines the two terms as follows:
“Verification: The process of evaluating a system or
component to determine whether the products of a given
development phase satisfy the conditions imposed at the
start of that phase.”
“Validation: The process of evaluating a system or
component during or at the end of the development pro-
cess to determine whether it satisfies specified require-
ments.”
In other words, verification evaluates whether the right thing was
done, while validation checks whether the right thing was done right.
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While verification focusses inwards, validation is targeted at external
aspects such as customers [IEE11]. In this sense, this section will eval-
uate to what extend the proposed CoMoNo concept provides solu-
tions regarding the requirements stated in Chapter 3. The validation
by applying a prototypical implementation of the concept in a case
study will be discussed in Chapter 5.
R1 - Communication Media and Process Characteristics: The
defined characteristics must be fine-grained enough in order to clearly
differentiate the communication media available in a product de-
velopment context. The CoMoNo concept introduces communica-
tion characteristics based on the findings of media selection theories.
Whether these characteristics clearly differentiate a set of commu-
nication media from the product development context can only be
evaluated with the data provided in Chapter 5.
R2 - Dissimilarity Coefficient for Characteristics: All character-
istics shared between process and medium are taken into account in
order to calculate the dissimilarity coefficient. Using the coefficient, it
must be possible to rank a given list of communication process and
communication media combinations. The dissimilarity coefficient
dC ,M described in Section 4.1.3 derives a measure from all shared
characteristics of conversations and communication media. The co-
efficient describes to what degree a medium deviates from the re-
quirements of a conversation. How well this coefficient works in or-
der to rank realistic combinations of conversation requirements and
medium capabilities is validated in Chapter 5 using the data gathered
during the case study.
R3 - Communication Model: The new communication model
must contain all elements necessary to represent who is exchanging
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which information with whom in what manner. The individual ele-
ments must express the characteristics derived from requirements R1.
The CoMoNo model captures the basic structure of a conversation
as provided by the BPMN Conversation Diagram. In addition to this
generic information, it also describes the manner in which this com-
munication takes place by including the additional characteristics di-
rectionality, synchronicity, reception, visibility, reprocessability, con-
tent type, editor multiplicity, participant multiplicity, role and dis-
tance (see Section 4.1.1).
R4 - Communication Model Notation: A visual notation for
the central elements and characteristics of the communication model
must be provided. More than 50% of users must consider the visual
notation helpful during the interview. Out of the ten newly intro-
duced characteristics only three, namely the content type, the dis-
tance, and the role, are not visually presented in the notation. They
are not visualised, as their textual representations would overload the
diagram. All other seven characteristics, directionality, synchronicity,
reception, visibility, reprocessability, editor multiplicity, and partici-
pant multiplicity are presented by icon-graphics or numerically. The
perception of the users will be evaluated in Chapter 5.
R5 - Track Deployed Communication Media: A way to track the
communication media available to the users of the organisation and
their characteristics must be provided. Template A.1 provides the ba-
sic structure necessary to capture the characteristics of available me-
dia. A standard spreadsheet application is sufficient to manage this
information.
R6 - Identify Issues: It must be possible to identify issues and bot-
tlenecks based on a specific communication model enriched with ad-
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vanced characteristics and the information about the currently avail-
able communication media. Section 4.2.2 of the concept describes
a method to identify mismatches between the currently installed
communication infrastructure and the communication processes. It
takes a CoMoNo model and a list of available media as input and de-
livers a list of conversations with issues as output. The application
of this method to real data, gathered during the case study, will be
evaluated in Chapter 5.
R7 - Track Potential Communication Media: A way to track po-
tential communication media and their characteristics must be pro-
vided. Template A.1 provides the basic structure necessary to capture
the characteristics of potential media. As with R5, a standard spread-
sheet application is sufficient to manage this information.
R8 - Propose Clean-Slate Communication Infrastructure: The
combination of communication media proposed by the process must
minimise the discrepancies between requirements and media charac-
teristics. The method described in Section 4.3.1 provides a ranked
list of proposals combining different communication media in or-
der to achieve a good fit with the communication requirements. The
method uses a CoMoNo model, a list of potential media, and a de-
sired number of media to combine as input and delivers a ranked list
of possible media combinations. The application of this method to
real data, gathered during the case study, will be evaluated in Chap-
ter 5.
R9 - Propose Add-On Communication Infrastructure: The com-
bination of communication media proposed by the process must in-
clude the currently deployed communication infrastructure and must
minimise the discrepancies between requirements and media charac-
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teristics. The method described in Section 4.3.2 provides a ranked list
of proposals combining additional communication media with the
existing ones in order to achieve a good fit with the communication
requirements. The method uses a list of current media, a list of po-
tential add-on media, and a desired number of media to add to the
current ones as input and delivers a ranked list of possible media ad-
ditions. The application of this method to real data, gathered during
the case study, will be evaluated in Chapter 5.
R10 - Minimal Deviation from Standards: The modelling tech-
niques for the common basis between the standard and the newly de-
rived model and notation must not be changed. An analyst, who can
model in the existing standard, must not need to learn new concepts
in order to apply the standard elements in the model and notation.
Although the CoMoNo concept enriches the standard BPMN Conver-
sation Diagram with additional characteristics, it does not change the
behaviour of the elements, which were derived from the standard.
Without any change in handling, a CoMoNo Diagram can be used ex-
actly as a BPMN Conversation Diagram. Only the modelling of the
additional characteristics deviates from the standard.
R11 - Clear Visual Language: More than 50% of users must con-
sider the visual language easy to understand and the readability of the
symbols must not be altered by a black and white print. The CoMoNo
notation only relies on black-and-white icon-graphics that do not use
gradients. Using such simple graphics ensures backwards compat-
ibility with older printers or other printing techniques. The under-
standability of the graphics is validated in Chapter 5.
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4.5 Conclusion
The CoMoNo concept defines three modules that build on top each
other: modelling, analysis, and planning. The modelling module pro-
vides a meta-model for an enhanced communication model and the
according notation. The analysis module defines methods based on
the modelling module: The analysis of communication media and
the analysis of the modelled communication requirements of busi-
ness processes. Building on top of all this, the planning modules de-
scribes two methods to propose changes to the communication in-
frastructure: The planning of a clean-slate communication architec-
ture and the planning of an architecture that extends an existing one.
This concept stands on the shoulders of media selection theories
and business process modelling. The following two paragraphs will
position it in those two contexts.
The classifications sender and receiver as well as the basic charac-
teristic directionality already date back to the basic communication
model introduced by Shannon [Sha48a]. The Media Richness Theory
developed by Daft and Lengel introduced feedback, channel, and lan-
guage. While the former is related to the characteristics synchronic-
ity and reception, the latter two are present in the content types of
the CoMoNo concept [DL84; DL86; DLT87]. The characteristic repro-
cessability is directly related to its counterpart proposed by the Media
Synchronicity Theory. Moreover, the content types are related to the
symbol sets property of media synchronicity [Den+98; DV99; DFV08].
Task-Technology Fit Theory introduces concepts like simultaneous
input, anonymity, and group display as part of the communication
support perspective, which are reflected in the characteristics editor
multiplicity, and visibility [ZB98; ZK08]. Finally, the essential aspects
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Content type X X
Multiplicity X X X
Distance X
Sha: Shannon, MRT: Media Richness Theory, MST: Media Synchronicity
Theory, TTF: Task-Technology Fit, W20: Web 2.0
Table 4.3: Theory impact on characteristics.
search and authoring of the Enterprise 2.0 SLATES paradigm under-
line the importance of characteristics like reprocessability, visibility,
and editor multiplicity [McA06]. Table 4.3 highlights the influences of
the different theories on the characteristics.
Regarding the “process perspective” of the BPM taxonomy intro-
duced by Giaglis, the CoMoNo concept covers the aspects “organi-
zational” (who is taking part in a conversation), “behavioural” (how
does the conversation take place), and “functional” (what kind infor-
mation is exchanged). Regarding the “objectives perspective” it cov-
ers the aspects “understanding & communication” (a common model
and notation to describe conversations) and “process improvement”
(analysis and planning procedures to identify improvement poten-
tials) [Gia01]. The model, notation, and analysis procedures pro-
posed by the concept take place during the “diagnosis” phase of the
BPM lifecycle introduced by van der Aalst and van Hee. The “re-
design” life phase is reflected by the planning procedure for add-
on communication media [AH04]. The “graphical standard” classi-
fication proposed by Ko et al. clearly fits the notation aspect of the
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CoMoNo concept, while the detailed communication characteristics
could be considered a “diagnosis standard” in their sense [KLL09].
As was shown in the previous section, the CoMoNo concept offers
solutions for all defined requirements. How well an actual implemen-
tation of the concept performs in a realistic scenario is evaluated in
the following chapter, which describes a prototype based on this con-
cept and its application to a case study within the CRC 666.
Chapter 5
Prototype & Case Study
This chapter describes a prototypical implementation of the previ-
ously introduced CoMoNo concept and its application in a case study
at the CRC 666. In the first section, the characteristics of the rele-
vant communication media are evaluated regarding their ability to
distinguish the individual media from each other. The second sec-
tion introduces the prototypical implementation of a modelling tool
for CoMoNo models and a graphical analysis and planning tool. The
models are presented following the notation defined in the previous
chapter. The third section describes the application of the CoMoNo
concept in the case study. During the case study, interviews were
conducted using the modelling tool in order to identify the charac-
teristics of the communication processes at the CRC 666. Prototypi-
cal implementations of the analysis and planning procedures defined
by the CoMoNo concept were applied to the results gathered during
the interviews. Finally, the findings of the analysis and the potential
improvements identified during the planning are evaluated.
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5.1 Analysis of Characteristics
The characteristics of communication media defined in Table 5.1 and
explained in Appendix B are evaluated regarding Requirement R1 by
calculating their cross simple matching similarity. In order to ful-
fil the fit-criterion of the requirement, the presented characteristics
need to “clearly differentiate the available communication media”,
i.e. no two communication media should have perfectly similar char-
acteristics.
In order to compare all media to each other, the statistical au-
tomation software RapidMiner, originally developed at the Dort-
mund University of Technology, was used. The simple matching sim-
ilarity as applied by RapidMiner [Rap11] is defined as the number of
similarities between the characteristics of two communication me-
dia in relation to their total number of characteristics. It is closely re-
lated to the simple matching coefficient, which is defined as [Rom04]:
C j ,k = a+da+b+c+d 0.0≤C j ,k ≤ 1.0
Comparing the two items j and k, a denotes the sum of attributes
present in both, d denotes the sum of attributes missing in both,
while b and c denote the sum of attributes only present in one. Gen-
eralising the above coefficient, the simple matching similarity is de-
fined as: SMS j ,k = st 0.0 ≤ SMS j ,k ≤ 1.0 Here s denotes the sum of
identical attributes present in both and t denotes the total number of
attributes.
Calculating the similarity of every possible pair of communica-
tion media shows, that regarding the proposed characteristics, no two
communication media are identical (see Figure 5.2) which validates
the fit criterion of requirement R1.














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































- Manage available and
potential media




Figure 5.1: CoMoNo environment overview
5.2 CoMoNo Environment
The CoMoNo environment consists of three applications: A mod-
elling tool enabling the creation of CoMoNo models representing
the communication processes and their characteristics, a standard
spreadsheet application supporting the management of available
and potential communication media, and the analysis and planning
tool, which implements the procedures described in Chapter 4 (see
Figure 5.1). Any spreadsheet application supporting comma sepa-
rated values (*.csv) is sufficient to manage the media. The following
sections describe the implementation of the modelling tool and the
analysis and planning tool.
5.2.1 Modelling Tool
In order to test the communication model notation (requirement R4),
and its appearance (requirement R11), a prototypical implementa-
tion of a modelling tool is necessary. Two modelling tools were anal-
ysed regarding their adaptability: “Yaoqiang BPMN Editor” and “ARIS
Business Architect”.
Yaoqiang BPMN Editor is a graphical environment targeted at the
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editing of BPMN 2.0 compliant business process diagrams [Yao12]. It
is developed as an open source project and has a rich set of features
including real-time BPMN syntax validation, version control, process
simulation, and various import and export interfaces. Even though
it is possible to add functionality via the provided plug-in architec-
ture or to adapt the full source-code, this approach would result in a
highly complex adoption in order to integrate the CoMoNo concept
into Yaoqiang BPMN Editor.
ARIS Business Architect on the other hand is a commercial, closed
source product by Software AG [Sof12a]. It is an integral part of
the product landscape provided by Software AG and is based on a
server/client architecture. All models and objects are stored in a cen-
tral ARIS repository, which also facilitates the locking, versioning, and
change management of all stored elements. On top of this, the client
provides analysis of models, report generation, and searching stored
models and objects. Both, the server and the client are designed to be
highly customisable. Using the administrative interface of the client,
it is possible to extend the existing model types with additional ob-
jects and attributes.
Because of its simple customisation, the ARIS Business Architect
became the basis for the prototypical implementation of a CoMoNo
modelling tool, which the following sections describe.
Overview User Interface
The user interface of the CoMoNo modelling tool is sectioned into
four major areas, which are highlighted in 5.2. The navigation area
(1) allows the user to browse the available ARIS repositories and their
subfolders for CoMoNo models and the associated objects. The area
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also provides access to the change management and versioning func-
tions provided by the ARIS infrastructure. Once the user opens a
model using the navigation, it becomes available in the central editor
area of the tool (2). In the editor, the user can create and manipulate
the CoMoNo model elements described in Section 4.1.1. The editor
offers common modelling features such as moving, resizing, aligning,
grid-snapping, or even automated arranging of entities, as well as cre-
ating connections. While the creation of new entities in the editor is
based on a right-click mouse menu, the symbols area on the right (3)
provides quick access to all CoMoNo entities. Once the user selects
an entity or connection, its properties are shown in the dialogue to
the bottom left (4). Here the user can manipulate the CoMoNo char-
acteristics. Any change is directly reflected in the central editor view
by a change of the according presentation.
The configuration of an ARIS repository is split into two main sec-
tions: the method and the conventions. The method defines all en-
tities that can be used to create a model: model types, object types,
symbols, connection types, attribute types, attribute type groups, and
attribute symbols.
Model types define what kind of models can be created. Custom
model types have to be derived from predefined ones.
Object types specify which objects are generally available in mod-
els. ARIS does not allow the creation of new object types, but existing
ones can be renamed.
The symbols are the presentation of the object types. They define
how the object types are graphically shown. The ARIS framework in-
cludes a symbol editor, which supports the manipulation of custom
symbols.
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Connection types determine what kinds of connections are avail-
able and which object types can be connected by them. Similar to
the object types, ARIS only allows the renaming of existing connec-
tion types.
The properties of object types as well as connection types are
specified by the attribute types. Opposed to the object and con-
nection types, attribute types can be created from scratch. They
can be organised using the attribute types groups and they can use
the attribute symbols for their presentation. Possible data types of
attributes are: multi-line text, boolean, pre-defined values, integer,
floating-point number, date, time, and point in time.
The following paragraphs only cover the CoMoNo specific cus-
tomisation steps, the standard procedures involved in customising
and maintaining an ARIS repository are described in the technical
manual [Sof12b].
CoMoNo Attribute Types
The definition of the new attribute types representing the CoMoNo
characteristics occurs in three steps, first the definition of a new at-
tribute type group CoMoNo as a subgroup of the BPMN 2.0 group,
second the definition of the new attribute symbols, and last the defi-
nition of the attributes themselves.
In order to be able to use the custom symbols described in Sec-
tion 4.1.2, they have to be converted to the ARIS format using the
symbol editor. Once this is done, a new symbol can be derived from a
predefined one. As the predefined symbol has an impact on the size
and appearance of the new symbol, all new symbols should use the
same predefined symbol as their basis. Using the new attribute type
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Figure 5.3: ARIS attribute dialogue
group CoMoNo and the custom attribute symbols, the new attribute
types can be defined using the dialogue shown in Figure 5.3 The char-
acteristics directionality, synchronicity, reception, and reprocessabil-
ity are modelled as boolean attributes, while visibility, role, and posi-
tion are modelled as pre-defined values attributes. The location and
the required content types are modelled as string attributes and the
multiplicities are represented by numeric attributes.
CoMoNo Model Type and Conventions
As the CoMoNo concept is closely related to the BPMN 2.0 Conversa-
tion Diagram, the CoMoNo Diagram is derived from the predefined
conversation diagram type. Following this step, a new method filter
for the new type of diagram is created using the Filter Wizard. During
the wizard, the name and definition of the new filter need to be given.
It also queries which model type should be used and which object
and connection types defined by the model type are to be adapted.
The most important aspect of the wizard is the selection of the newly
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Figure 5.4: ARIS filter wizard
defined attribute types and their association to the respective object
or connection types (see Figure 5.4).
In order to define the positioning of the new attribute types, a
new CoMoNo template needs to be defined. Again, a wizard guides
through the definition process. First, the new template needs to be
named and a method filter to be used needs to be selected. In the
subsequent steps, the new attribute symbols are placed relative to the
object symbols and connections.
Based on the above customisations, a new CoMoNo model can
now be created by logging into an accordingly configured ARIS repos-
itory and selecting the new CoMoNo filter when opening a database.
5.2.2 Analysis and Planning Tool
The analysis and planning tool implements the procedures defined in
Chapter 4. The graphical interface consist of three areas, one for load-
ing and reviewing the conversations defined in the CoMoNo model
provided by the modelling tool, one for loading and selecting the
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Figure 5.5: CoMoNo analysis and planning tool
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communication media, and one for the analysis of the combination
of selected conversations and media (see Figure 5.5).
The conversations area allows the user to select a *.xml file pro-
vided by the modelling tool. The interface then loads and lists all
conversations, which were parsed from the file with all their specified
requirements. The user can deselect individual conversations, which
are subsequently ignored.
Aside the loading of a list of media to be used, the media area
also supports the manual or automatic selection of media to be con-
sidered for the following analysis. Manual selection is simply done
through activating or deactivating individual media. For an auto-
mated proposal, the user needs to select which media must be used
and which should be used. Selecting the current media as mandatory
reflects the “add-on proposal” use case; not selecting any mandatory
media reflects the “clean-slate proposal” use case. After setting the
overall number of media to be selected, the tool can automatically
generate proposals, which are listed according to their ranking. Se-
lecting a proposal automatically activates the according media in the
listing.
The analysis area uses the activated conversations and media
from the previous steps in order to identify issues. The interface
lists the dissimilarity coefficient dC ,M for each conversation/medium
combination. Conversations for which media without issues can be
found are highlighted in green, as are the specific matches. For those
conversations without ideal match, the match with the lowest dissim-
ilarity coefficient is highlighted in yellow. The overall list shows the
conversations with the strongest discrepancies first.
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5.3 Case Study
In order to examine how the CoMoNo concept performs when ap-
plied to a real scenario, a case study was conducted at the CRC
666. The focus of the case study was to support the validation (see
Section 4.4) of the CoMoNo concept regarding the requirements R4
“Communication Model Notation”, R6 “Identify Issues”, R8 “Clean-
Slate Proposal”, R9 “Add-On Proposal”, and R11 “Clear Visual Lan-
guage” (Chapter 3). The analysis and planning procedures described
in Section 4.2.2 and Section 4.3 were implemented in Java, which en-
abled automated execution of the procedures based on the XML data
provided by the CoMoNo modelling tool.
5.3.1 CoMoNo Interviews
The goal of the interviews was to gather communication require-
ment models in order to validate the methods for issue identifica-
tion, clean-slate proposal, and add-on proposal based on realistic
input data. As the interviews involved creating a CoMoNo diagram
together with the interviewee, they were later on asked about their
impressions of the model.
The structure of the interview guideline A.1 follows the sugges-
tions of Mayer and structures the interview into six generic sections
[May09]: the interviewee, communication partners, communication
contents, communication requirements, available media, and past
communication issues. At the beginning of each interview, the par-
ticipant was briefly introduced to the concept and the notation. Tem-
plate A.2 provides an overview of the symbols and the communica-
tion characteristics and was a useful accessory for the interviewer and
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Figure 5.6: Partial CoMoNo model of an interview
134 CHAPTER 5. PROTOTYPE & CASE STUDY
the participant. It was made clear, that only current and foreseeable
communication relevant to the CRC 666 was the objective of this in-
terview.
During the first interview, the model prepared with a participant
representing the interviewee with his characteristics location and po-
sition. Beginning from this initial set-up, the interviewee was first
asked with whom he exchanged information about what topic. This
conversation was then completed with all relevant requirements after
which the interview proceeded to the next conversation and possibly
to the next new participant.
In the second interview, this procedure was changed. Now all
potential communication partners were covered first, then all com-
munication topics, and finally the communication requirements for
each conversation. By first capturing all structural information fol-
lowed by the details, the process became clearer and easier to con-
duct. Compared to the first interview, there was less need to switch
between the three basic perspectives: with whom, about what, with
which requirements. Thus, the procedure was maintained during the
subsequent interviews. An example of a CoMoNo model created dur-
ing an interview can be seen in Figure 5.6.
After each interview, each interviewee was asked regarding his
agreement to the following two questions: “The created diagram was
helpful for the interview procedure.” (German: “Das erstellte Dia-
gramm war bei der Durchführung des Interviews hilfreich.”) “The
presentation of the diagram is easy to understand.” (German: “Die
Darstellung des Diagramms ist gut verständlich.”)
Each statement was rated as a five-level Likert item [Lik32] with
the levels “disagree”, “somewhat disagree”, “neutral”, “somewhat
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Figure 5.7: Distribution of questionnaire replies
agree”, “agree” (German: “trifft nicht zu”, “trifft eher nicht zu”, “neu-
tral”, “trifft eher zu”, “trifft zu”).
As shown in Figure 5.7, 12 interviewees agreed, 4 somewhat
agreed, and 2 were neutral regarding the helpfulness of the diagram
during the interview. Overall 16 of 18 interviewees showed a positive
attitude. 7 interviewees agreed that the notation was easy to under-
stand, 10 somewhat agreed, and 1 stayed neutral. In summary 17 of
18 interviewees showed a positive inclination regarding the notation.
5.3.2 Analysis of Interview Data
Using the ARIS foundation of the CoMoNo modelling tool, the gath-
ered models could be exported as XML files, which enabled the seam-
less analysis of the gathered data. It was possible to export either indi-
vidual interviews or the whole collection at once. Based on the listing
of all conversations (n = 351) with their aggregated multiplicities and
calculated distances, the occurrence of the individual characteristics
expressions was analysed (see Figure 5.8).
Of the 351 modelled conversations, 96 require synchronous com-
munication. With 82 conversations, roughly the same proportion re-
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Figure 5.8: Distribution of the individual characteristics
quires asynchronous communication. Almost half the conversations
did not specify this requirement because the interviewee considered
both adequate. The rather abstract nature of this characteristic could
also be relevant to its low number of occurrences. Interviewees often
considered synchronous communication necessary, where ambigu-
ous information needed clarification, especially when communicat-
ing between different scientific disciplines. Asynchronous commu-
nication was usually preferred where not additional clarification was
expected.
238 conversations required bidirectional communication, while
only 107 provided information in a unidirectional manner. Unidirec-
tional communication was usually chosen in situations where gen-
erally understandable information was provided and no clarification
was deemed necessary. The high proportion of bidirectional commu-
nication seems appropriate for a research centre dealing with novel
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technologies from many domains.
Explicit confirmation of the received information was only con-
sidered necessary in 105 conversations. Many interviewees regard
implicit confirmation as sufficient: If an expected reply is not re-
ceived after a given period of time, they simply inquire again. More-
over, some interviewees considered requiring explicit confirmation
as intrusive and impolite.
The interviewees reported 10 conversations specifically visible to
the general public. As pretty much all scientists of the research cen-
tre are actively publishing, this number can safely be assumed some-
what higher. 158 conversations were explicitly specified as group vis-
ible and just 97 conversations were considered private. In most cases
of private conversations, the interviewees wanted to avoid confusion
about preliminary information. In only very few situations intervie-
wees wanted to keep information permanently protected. The off-
the-record requirement was only applied in 2 conversations. Given
the nature of this characteristic, many off-the-record conversations
were probably not mentioned during the interviews. Overall 252 of
351 conversations were not considered private and the majority of the
97 private conversations would be available in a curated form. This
open conversational style should be considered a positive sign of the
scientific exchange in the research centre.
With 215 conversations, the majority of reported information ex-
changes required reprocessability. Some interviewees reported that
the same information was queried multiple times by the same or dif-
ferent participants. Having this information available in a reprocess-
able form, would reduce the communication load on the information
providers.




















Figure 5.9: Distribution of content types
Only 38 conversations were reported to require simultaneous
editing by multiple senders. Of these 15 fell into the group of 1-10 ed-
itors, 12 required 11-20 editors, and another 12 required more than 20
editors. The interviewees considered the collaborative editing of sci-
entific papers as well as the writing of the aggregated progress reports
of the research centre. In addition, some discursive conversations re-
quired simultaneous provision of information.
With 264 conversations, the majority was reported to take place
between 2-10 participants. 77 conversations involved 11-50 partici-
pants, and 10 conversations involved more than 50 participants. The
latter also coincided with the 10 conversations specifically targeted at
the general public.
With 253 conversations, the majority of exchanges involved par-
ticipants from different locations in the same city. 36 conversations
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took place within the same complex, 42 within the same building, and
20 conversations took place between participants in the same room.
As each conversation can involve multiple forms of content, the
sum of the recorded occurrences is larger than the overall number
of conversations. As shown in Figure 5.9, the five most common
forms of content are textual (232), graphical (151), audio (125), tab-
ular (120), and visual (69).
In summary, the communication at the CRC 666 is characterised
by a mix of synchronous and asynchronous conversations, most of
which are bidirectional. Only few conversations need explicit con-
firmation or simultaneous editing but many need to be reprocess-
able later. The majority of conversations occurs openly within the re-
search centre between a small number (≤ 10) of participants. Only 98
conversations take place within walking distance of all participants.
While many conversations require audio/visual exchange of informa-
tion, the dominant representations are text, graphics, and tables.
5.3.3 Analysis of Communication Issues
In order to identify mismatches between communication capabili-
ties and requirements, a list of communication media available to the
members of the research centre was compiled:






• Email, Mailinglist, Newsletter





















Figure 5.10: Distribution of media matches
• Document Management System
• Decision Support System
The list of conversations gathered during the interviews was then
matched to the capabilities of the available media using the dissim-
ilarity coefficient introduced in Section 4.1.3. 19 of the 351 conver-
sations had a dissimilarity coefficient dC ,M ≥ 19 (see Table 5.3). 155
showed minor issues with a coefficient 0.0 < dC ,M ≤ 19 which could
only result from an incomplete mismatch between one of the mul-
tiplicities, the distance, and the required content types. For more
than half of the conversations (177) at least one matching medium
with a coefficient dC ,M = 0 could be found. Figure 5.10 shows how
often each available medium matched with a potential conversa-
tion. The average dissimilarity coefficient across all conversations
matched with the available media is dC ,M = 0.0233.
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Aside this algorithmic analysis for communication issues, the
models created during the interviews also contained 34 manually re-
ported issues. 8 of these revolved around files being too large for e-
mail or the necessity of a central repository for files. 8 more issues
reported problems related to incompatible software formats or op-
erating systems. 6 reflected social aspects such as different priorisa-
tions of tasks or the lack of responsiveness. Another 6 reported mis-
understandings which stem from the complex interdisciplinary glos-
sary and a lack of visibility of the other sub-projects current status.
The remaining 6 related to diverse aspects like the current state of the
experimental facilities, the lack of synchronous editing of documents,
or the visibility of unpublished publications.
5.3.4 Clean-Slate Proposal
For the clean-slate proposal, a list of potential communication me-
dia and a desired number of media was provided. The list of media
contained the ones listed in Table 5.1 with letter, fax system, shared
drive, and collaborative writing being left out. The former two were
not considered relevant for internal communication, and a shared
drive would not work across the independent networks within the
CRC 666. Collaborative writing is currently only available as software
as a service provided by third parties. The automated planning tool
used these two inputs to deliver a ranked list of potential media. The
top candidates for a range of media combinations are:
1: DMS (avg. dC ,M1 = 0.0843)
2: DMS, group meeting (avg. dC ,M2 = 0.0344)
3: Blog, DMS, group meeting (avg. dC ,M3 = 0.0288)
4: Blog, DMS, DSS, group meeting (avg. dC ,M4 = 0.0259)
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Figure 5.11: Number of media vs. avg. dC ,M
5: DSS, blog, video conference, DMS, group meeting
(avg. dC ,M5 = 0.0232)
6: DSS, presentation, blog, video conference, DMS, group meeting
(avg. dC ,M6 = 0.0212)
7: DSS, presentation, blog, video conference, DMS, publication,
group meeting(avg. dC ,M7 = 0.0205)
8: DSS, presentation, blog, telephone/face to face, video conference,
DMS, publication, group meeting (avg. dC ,M8 = 0.0202)
9: DSS, wiki, presentation, blog, telephone/face to Face, video con-
ference, DMS, publication, group meeting
(avg. dC ,M9 = 0.0201)
Figure 5.11 shows the development of the average sum of dissim-
ilarities for the best-ranked set of communication media in regard to
the number of media in the set. It provided a good guide regarding
how many media are actually helpful and showed that the more me-
dia are already available, the lower the impact of additional media
would be. The residual conversations with issues are not solvable by
currently available media. As these issues could not be dealt with by
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appropriate media choice, they needed to be analysed individually in
order to identify countermeasures.
The analysis of the clean-slate proposal revealed that it could eas-
ily outperform the present selection of media at the research cen-
tre. Already five matched media offer an equivalent rating: dC ,M5 =
0.0232< 0.0233. The selected five media reduced the number of low-
mismatch conversations (dC ,M < 19 ) by 33 while increasing the num-
ber of conversations with stronger mismatches (dC ,M ≥ 19 ) by 8.
5.3.5 Add-On Proposal
The analysis of add-on proposals examined how the communication
at the CRC 666 could benefit from additional communication media.
Potential candidates were blog, wiki, and a video conference solu-
tion. Out of these three, the blog improved the average dissimilar-
ity coefficient the most (dC ,Mblog = 0.0213 < 0.0233), the video con-
ference came second (dC ,Mvi deo = 0.0223 < 0.0233), and the wiki pro-
vided hardly any benefit (dC ,Mwi ki = 0.0232 < 0.0233). The gains of
blog and video conference were complementary, as the gain of both
applied together (dC ,Mbl og ,vi deo = 0.0203) was about equal to the sum
of the individual gains.
Neither blog nor video conferencing could reduce the number of
conversations with dC ,M >= 19 but both reduced the number of con-
versations with minor mismatches: Blog down to 139 from 155, video
to 143, and both together to 127. This shows that the addition of each
solved different communication issues.
Blogging about the current status of ones work would increase the
overall awareness of the current state even in unrelated sub-projects.
It would mainly be used in contexts where the recipient of a piece of
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information is not clearly specified but the sender assumes it could
be of interest to some colleagues.
Video conferencing, especially desktop solutions that are often
available with shared interactive whiteboards, would target conver-
sations where the partner is well known but in a location which is not
quickly reachable. It would facilitate the spontaneous exchange of vi-
sual information, which is often relevant where physical samples are
used, even when the participants are not located nearby.
Even though there are currently no convincing collaborative writ-
ing solutions which would enable the synchronous editing of docu-
ments with multiple participants available, this option was analysed
as well in order to understand its potential impact. With a dissimilar-
ity coefficient of dC ,Mwr i ti ng = 0.0213 its gains would be comparable to
those of blogging.
5.4 Validation
This section will evaluate the results of the application of the CoMoNo
concept in the case study regarding the requirements stated in Chap-
ter 3. As requirement R3 and R10 are not implementation specific,
they are considered validated in Chapter 4 Section 4.4.
R1 - Communication Media and Process Characteristics: The
defined characteristics must be fine-grained enough in order to clearly
differentiate the communication media available in a product de-
velopment context. The analysis of the characteristics showed that
no two communication media are identical in regard to the simple
matching similarity (see Table 5.2), thus the characteristics allow the
clear differentiation of the media.
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R2 - Dissimilarity Coefficient for Characteristics: All character-
istics shared between process and medium are taken into account in
order to calculate the dissimilarity coefficient. Using the coefficient,
it must be possible to rank a given list of communication process and
communication media combinations. The application of the dissimi-
larity coefficient to realistic communication process and media com-
binations in the analysis and planning procedures showed compre-
hensible results. While there were a few unreasonable suggestions
like using a document management system or a mailing list for a
physical exchange, these were identified as having issues. The major-
ity of automated matches were reasonable. For example the conver-
sations ID197-200 (meetings of the steering committee) and ID202-
205 (meetings of all researchers) best matched with the medium
“group meeting” while the conversations ID145-149, ID316-320 (sci-
entific publications) were correctly matched with the medium “publi-
cation”. Also conversation ID141 (gossip) was correctly matched with
face to face or telephone as medium, as it required off-the-record ca-
pability.
R4 - Communication Model Notation: A visual notation for
the central elements and characteristics of the communication model
must be provided. More than 50% of users must consider the visual
notation helpful during the interview. 94% of the interviewees sup-
ported the statement “The created diagram was helpful for the inter-
view procedure.”. Of these, 39% fully agreed. Also from the perspec-
tive of the analysts, the visual notation is clearly a valuable asset, sup-
porting the modelling process as well as the exchange and discussion
of findings.
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R5 - Track Deployed Communication Media: A way to track the
communication media available to the users of the organisation and
their characteristics must be provided. The management of the de-
ployed communication media in a spreadsheet application is an ap-
propriate solution.
R6 - Identify Issues: It must be possible to identify issues and bot-
tlenecks based on a specific communication model enriched with ad-
vanced characteristics and the information about the currently avail-
able communication media. The analysis of communication issues
provided in Section 5.3.3 revealed 164 conversations for which no
perfectly matching medium could be found, 16 of these with a dis-
similarity coefficient dC ,M ≥ 19 . Some could be circumvented by man-
ually proposing a different medium with fewer drawbacks; other is-
sues could be resolved by adapting the communication processes to
the given media (see Table 5.3). The majority of the 164 issues were
caused by minor content type or distance deviations, which are con-
sidered typical for a context in which the participants are spread out
across a city but need to exchange or review physical objects. These
results show that the analysis method proposed by the CoMoNo con-
cept supports the identification of communication issues.
R7 - Track Potential Communication Media: A way to track po-
tential communication media and their characteristics must be pro-
vided. The potential communication media were managed in a com-
mon spreadsheet application. This provided an appropriate solution.
R8 - Propose Clean-Slate Communication Infrastructure: The
combination of communication media proposed by the process must
minimise the discrepancies between requirements and media charac-
teristics. The prototypical implementation of the clean-slate plan-
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ning provided traceable results using the CRC 666 CoMoNo model,
the list of potential media, and the desired number of media. The
analysis provided in Section 5.3.4 showed that a selection of only 5
media could provide a similar overall fit to the currently used media.
It also shows that the media selection is subject to the law of dimin-
ishing marginal returns: Each additional medium provides less im-
provement than the previous.
R9 - Propose Add-On Communication Infrastructure: The com-
bination of communication media proposed by the process must in-
clude the currently deployed communication infrastructure and must
minimise the discrepancies between requirements and media charac-
teristics. The prototypical implementation of the add-on planning
showed expected results using the CRC 666 model, the list of current
and potential media, and the desired number of additional media.
Blogging, the suggested add-on medium with the biggest gain, would
offer a solution for some of the manually reported issues like the lack
of visibility of the other sub-projects current status. Video confer-
encing, the second best add-on suggestion, on the other hand would
tackle some of the distance related issues by providing a way to spon-
taneously review physical objects without the need to travel.
R11 - Clear Visual Language: More than 50% of users must con-
sider the visual language easy to understand and the readability of the
symbols must not be altered by a black and white print. 89% of the in-
terviewees agreed to the statement “The presentation of the diagram
is easy to understand.” Of these, 67% fully agreed.
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5.5 Conclusion
The prototypical implementation discussed in this chapter provided
a complete overview over all tools and methods involved in the con-
cept. The analysis of the communication characteristics proved their
ability to differentiate all relevant media. The prototypical modelling
tool together with the case study showed the general usability of the
model and notation. 94% of the interviewees considered the diagram
as helpful for the interview procedure and 89% considered the pre-
sentation of the diagram easy to understand.
Overall the analysis of the current state at the research centre did
not reveal major communication issues. One aspect, which should
be noted though, is the discrepancy between the importance of the
document management system, highlighted in Figure 5.10, and the
number of manually reported issues dealing with large files or the
necessity of a central storage. Further steps to increase the aware-
ness and acceptance of the document management system might be
considered. The number of reported software or operating system
incompatibilities was to be expected in an environment as heteroge-
neous as an interdisciplinary research centre.
Regarding potential add-on communication media, desktop
video conferencing should be considered. Because blogging would
require a considerable change in communication behaviour for many
researchers at the CRC 666, the video conferencing option is more
viable for the short term. With the installation of inexpensive web-
cams and the freely available video conferencing service of the Ger-
man Research Network [Net13] many time consuming journeys could
be avoided.
In the long run, collaborative writing solutions could provide ben-
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efits, especially towards the end of the third phase of the CRC 666
when the final report becomes due. While professional solutions are
only available as software as a service, alternative with reduced func-
tionality like Etherpad [BHH11] could be investigated.
Chapter 6
Outlook
The presented concept puts the communication analyst in the posi-
tion to define reasonable communication media capabilities. These
decisions are simple to justify for most nominal characteristics like
directionality, but especially the ratio scale characteristics participant
multiplicity, editor multiplicity, and maximum distance are more am-
biguous. Two additional approaches worth investigating would be
the collective definition of communication media characteristics and
the definition of the characteristics based on actual process data.
In order to implement the collective definition of media charac-
teristics, a voting system would ideally be embedded into commonly
used software. As companies implement Enterprise 2.0 strategies, a
web dashboard could be a good starting point to include such system.
The system would query the user from time to time about his judge-
ment of the characteristics of a medium. Alternatively, the system
could ask the user which of two offered media is better suited regard-
ing a given characteristic in order to create a ranking using adapted
pairwise comparison methods [Dav60]. By spreading the number of
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necessary queries across time and a large number of users, the system
could be implemented without too much user interference. Statisti-
cal analysis of the gathered data would also allow judging which char-
acteristics have a general agreement between the users and which
characteristics are more controversial.
For the second approach, the various communication media
themselves would register and report their usage statistics. An email
system could report how many recipients are included in each email;
a wiki could report how many edits happen in a given time frame. A
reservations system for meeting-rooms would report the travel dis-
tance of the participants, and so on. Again, statistical analysis could
reveal reasonable limits for multiplicities, distances, and other char-
acteristics.
The basic question regarding the first approach would be whether
the sum of users has a better understanding of the realistic media
characteristics compared to the communication analysts. Regarding
the second approach it needs to be clarified how the as-is state relates
to the real media characteristics. Often patterns of media use are es-
tablished as a result of both media characteristics and user behaviour
[DP94].
Although the prototypical implementation of the CoMoNo con-
cept offers a graphical user interface for analysis and planning, a
close integration with the graphical modelling environment would
improve the usability. Using the analysis module, critical conversa-
tions could be highlighted directly while modelling. Based on the
planning module, the communication analysts could visually com-
pare the benefits of proposed improvement scenarios. Additionally,
analysis and planning implementations with flexible weights could
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provide live feedback regarding the impact of preferring one charac-
teristic over the other.
Another potential application of the analysis and planning mod-
ules would be requirements definition for the development of new
communication media. As was shown in Chapter 5, even when
analysing all currently possible communication media, a residual
level of issues may remain. Using these remaining issues to drive the
development of new communication media could lead to new inno-
vative communication solutions.
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Chapter 7
Summary
Following an introduction to the general theme and an overview of
the dissertation in the first chapter, the second chapter focussed on
the current state in the areas of product development, communica-
tion theory, and business process planning. A review of the contem-
porary and upcoming product development methods product life-
cycle management, simultaneous engineering, concurrent design,
trust management, and agile approaches predicted an increase in
communication intensity and complexity. Simply making more com-
munication media available to the users would not be viable. Ac-
cording to critical mass theory, the resulting thinned-out number of
users for each medium would prevent general acceptance. The ex-
amination of media selection theories identified measures like rich-
ness, synchronicity, immediacy of feedback, parallelism, or the used
language, which characterise communication media. The investi-
gation of current business process modelling approaches such as
BPMN showed that many of the identified characteristics are not rep-
resented. The investigation also revealed that a stronger commu-
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nication orientation in business process re-engineering results in a
better outcome. These findings led to the conclusion that a fusion
of findings from communication theory and business process mod-
elling would be necessary.
The third and fourth chapter derived the requirements and pro-
posed the CoMoNo concept. The overall goal of this concept is to
provide a model and notation of communication processes which
unites all of the above in order to support the analysis and planning
of communication infrastructure. To achieve this, the BPMN con-
versation diagram is extended with the communication characteris-
tics synchronicity, directionality, reception, visibility, reprocessabil-
ity, content type, editor and participant multiplicity, and distance.
The prototypical implementation of a modelling environment
and the analysis and planning procedures described in chapter five
showed that the chosen communication characteristics can clearly
distinguish the given communication media. Moreover, the applica-
tion of the prototype in a case study at the CRC 666 proved the us-
ability for analysis and planning. A majority of interviewees agreed
that the notation was easy to understand and that the diagram was
helpful during the interview.
The outlook in chapter six identified the collective definition of
communication media characteristics as well as the process-derived
definition as promising fields for future inquiry. In addition, the
closer integration of the analysis and planning procedures with the
modelling environment with flexible weights would be beneficial.
Lastly, the analysis of residual issues, which remain with contempo-
rary media, could lead to the development of valuable new commu-
nication media solutions.
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• With whom do you exchange project related information?
• How many senders and receivers are involved in this conversa-
tion?
Communication Content
• What type of content is exchanged in this conversation?
Communication Requirements
• Do you require a reply?
• Do you require the reply immediately? Are all participants in
this conversation available at the same time?
• Do you require an explicit confirmation that the recipient re-
ceived the message?
• Should the visibility of the message be limited?
• Should each participant be able to reprocess the content of this
conversation later on?
• How many should be able to edit synchronously?
Available Media
• Which media are available?
Communication Issues
• What communication issues have you come across recently or
in the past?



















• Sender , receiver , or both
Conversation
• Synchronous or asynchronous
• Uni-directional or bi-directional
• Explicit reception or implicit reception
• Reprocessable or transient
• Off-the-record , private , group , or public visibility
Content Types
Au: audio, Da: date, De: decision, Fi: file, Gr: graphic, Ph: physical,
SD: structured data, Ta: table, Te: text, Vi: video
Communication Issues with a brief description.




The following sections explain the characteristics of the individual
communication media introduced in Section 2.2.8. Each entry pro-
vides a brief summary of its characteristics following the notation de-
fined in Section 4.1.2 and the potential distance (d), simultaneous ed-
itor multiplicity (e), participant multiplicity (p), and possible content
types (audio (au), date (da), decision (de), file (fi), graphic (gr), physi-
cal (ph), struct. data (sd), table (ta), text (te), video (vi)).
Face-to-Face
( , , / , , ,d:1000,e:1,p:2,(au,gr,ph,ta,te,vi))
In a face-to-face conversation, it is hardly possible for the two partic-
ipants not to communicate as even not saying anything carries infor-
mation, thus the conversation is always bi-directional. As both par-
ticipants have to be present at the same time and because they re-
ceive immediate feedback, a face-to-face conversation is considered
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synchronous and explicit. An important characteristic of face-to-face
communication in additional to the normal privacy is the ability to
discuss topics off-the-record as neither participant can prove what
the other one stated. As a conversation is commonly not recorded,
it is not possible to review or search its contents later on. Not hav-
ing to use any additional devices is an advantage but it also limits the
distance for spontaneous face-to-face communication. If all partic-
ipants are situated in the same complex, the distance is considered
reasonable.
Group Meeting
( , , / , , ,d:1000,e:10,p:50,(au,gr,ph,ta,te,vi))
A group meeting is similar to a private face-to-face communication.
It differs in that it does not offer the off-the-record capability because
of the number of potential witnesses. It also requires some minimal
infrastructure like a room and often a white-board. In order to make
considerations and decisions binding, meeting minutes are usually
recorded. The number of participants is limited by the size of the
room and the approach used to structure the process of the conversa-
tion. The literature review on meeting analysis research by Romano
and Nunamaker provides a good overview of recommended meet-
ing sizes for different contexts [RN01]. They suggest an ideal size for
decision-making or problem-solving meetings of seven to fifteen par-
ticipants. According to another study by Green and Lazarus, 70 per
cent of over 1000 responses from executives stated that the typical
meeting size was 15 participants or less [GL91]. Using the levels de-




( , , , , ,d:1000,e:10,p:250,(au,gr,ph,ta,te,vi))
Based on a meeting, the presentation changes the structure of the
conversation to a uni-directional one. This also changes the num-
bers of possible senders and receivers. While a presentation is usu-
ally held by a single individual or a small group, it can reach a large
audience of a few hundred participants. It does require an adequate
room, which should be equipped with a microphone system if larger
groups should be addressed.
Telephone
( , , / , , ,d:100000000,e:1,p:2,(au))
A conversation via telephone is essentially the same as a face-to-face
conversation limited to the exchange of audio signals. Based on the
legal limitations to wire-tapping and recording of phone calls, even
the off-the-record capability can be assumed for most cases.
Telephone Conference
( , , , , ,d:100000000,e:10,p:250,(au))
For most of its characteristics, a telephone conference resembles a
group meeting mediated through a telephone. Because the tele-
phone conference is not bounded by physical aspects like room size,
a larger number of passive participants can be integrated. The use of
telephones limits the content to audio signals.
Video Conference
( , , , , ,d:100000000,e:10,p:250,(au,gr,ta,te,vi))
Compared to a telephone conference, the video conference also al-
lows video signals to be transmitted.
188 APPENDIX B. COMMUNICATIONMEDIA CHARACTERISTICS
Short Message Service
( / , , , , / ,d:100000000,e:1,p:10,(te))
A short message sent from mobile phone to mobile phone only al-
lows very brief plain text content. Depending on the configuration it
can be used uni-directionally (hidden sender) or bi-directionally. If
the receiving mobile phone is switched off when a message is sent,
the message is stored in the system and delivered later on when the
phone becomes available again. Short messages are only visible to
the specific recipient who can reprocess the full content of all re-
ceived message using his mobile phone. Another feature of short
message is the explicit notification when a message was received by
the counterpart.
Mail
( / , , , , / ,d:100000000,e:1,p:50,(gr,ta,te))
Depending on the sender’s decision to include a valid reply address, a
normal mail can be used uni-directionally as well as bi-directionally
and the transport occurs asynchronously. In any case, the content
of the mail is only privately visible to the indicated recipient. As a
letter can be archived, it can be available for later reprocessing. If the
sender chose to use registered mail explicit reception is guaranteed,
otherwise mail only offers implicit reception.
Fax
( / , , , , ,d:100000000,e:1,p:50,(gr,ta,te))
Similar to the standard mail described above, the sender of a fax can
decide to hide the reply fax number. This allows the fax system to be
used in a uni-directional way. As a fax machine is usually turned on
24/7, the recipient does not need to be available when a fax is trans-
mitted. Because many fax machines are placed in a location acces-
189
sible to co-workers, privacy should not be taken as granted. The re-
ceived faxes can be archived and are thus available for later repro-
cessing. As the fax machines record errors during the transmission
process, the reception is considered explicit. While only one partici-
pant can send a fax at one time, many fax machines support the de-
livery of the same message to many recipients sequentially.
Email
( , , , , / ,d:100000000,e:1,p:50,(fi,gr,ta,te))
Because most email systems enforce the use of a reply-to address,
it is usually possible to reply to the sender of an email. Messages
are stored by the recipients email system until delivery and are only
visible to the intended recipient. Current email clients implement
advanced search possibilities in order to sift through the content of
previously received messages. They also implement features to ac-
knowledge the reception of a message asking for explicit confirma-
tion. Having to add the recipients manually to the email, limits the
reasonable amount of participants, which can be addressed without
using a newsletter or mailinglist system.
Email Newsletter
( , , / , , ,d:100000000,e:1,p:1500000 ,(fi,gr,ta,te))
As with mail and fax, it is possible to enforce uni-directional email
communication by providing an inactive address as reply-to (“nore-
ply@...”). Because of the commonly large number of recipients,
newsletters do not require explicit confirmation of the reception.
Email Mailinglist
( , , / , , ,d:100000000,e:1,p:250,(fi,gr,ta,te))
Contrary to the pure informational character of newsletters, mail-
inglists focus on bi-directional conversation between all participants.
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Many mailinglist systems also provide a web-archive of all conversa-
tions on the list. Again, because of the large number of participants
the use of explicit conformations is not useful. All other characteris-
tics are derived from email communication.
Publication
( , , , , ,d:100000000,e:5,p:1000000000,(gr,ta,te))
A scientific publication provides the edited knowledge of the au-
thors to the general public. Although feedback is generally possible
through other media, the publication itself is provided in a unidirec-
tional and implicit fashion on a asynchronous platform. Using com-
mon standards, many publication platforms exchange meta-data in
order to improve searchability.
Blog
( / , , / , , ,d:100000000,e:1,p:10000000,(au,fi,gr,ta,te,vi))
Depending on the individual configuration, a blog can provide infor-
mation in a uni-directional fashion from one to many or allow the
recipients to reply to a blog post via comments. Either way, the com-
munication is asynchronous and does not provide explicit confirma-
tion. Though most blogs are targeted at the general public, it is possi-
ble to limit the circle of potential recipients. In order to make it easy
for the recipient to find the desired information, blogs are commonly
full-text searchable and thus reprocessable.
Wiki
( , , / , , ,d:100000000,e:50,p:10000000,(fi,gr,ta,te))
A wiki allows multiple authors the synchronous and bi-directional
editing of a common text, which can be enriched by tables, graph-
ics, or even videos. For most implementations, the number of syn-
chronous editors per article is limited by the number of individual
191
sections. Some wikis, so called “walled gardens”, are targeted at a lim-
ited group of recipients, while others are open to the general public.
Wikis are generally reprocessable but do not offer explicit notifica-
tions about the reception.
Collaborative Writing
( , / , / , , / ,d:100000000,e:50,p:250,(gr,ta,te))
The collaborative writing of documents resembles the editing of
wikis, but adds synchronous editing, more fine-grained privacy con-
trol, and explicit reception notifications.
Decision Support System
( , , / / , , ,d:100000000,e:250,p:250,(da,de,te))
After the sender proposes a poll, the receivers communicate their de-
cision back to the originator asynchronously. Depending on the im-
plementation of the decision support system, even anonymous off-
the-record polling can be possible. Though it is clearly visible who
voted in a poll, the systems usually have no way to tell explicitly who
really received the invitation.
Shared Drive
( / , , / , , ,d:100000000,e:1,p:250,(fi))
Depending on who has write access to a shared drive, the sharing of
information can be either uni- or bi-directional. With find grained
access control, files can be shared privately between individuals or
with a whole group of users. Full text search is possible on both, the
server and the client side but there is usually no convenient way to
tell who accessed which information.
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Document Management
( / , , / , , / ,d:100000000,e:1,p:1500000,(de,fi,gr,ta,te))
DMSs share many characteristics with shared drives but are imple-
mented as web applications. A major difference is the availability of
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